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1. OBJECTIVES OF THE STUDY 
(1) To c l a s s i f y p o t e n t i a l u s e r s f o r deep ocean v e h i c l e s and h a n d l i n g 
s y s t e m s , and e s t i m a t e t h e i r t e c h n i c a l r e q u i r e m e n t s now, and over 
t h e n e x t 10 y e a r s . 
(2) To summarise t h e c h a r a c t e r i s t i c s o f e x i s t i n g deep ocean v e h i c l e s 
and h a n d l i n g sys tems and t o f o r e c a s t t e c h n i c a l l y p o s s i b l e f u t u r e 
d e v i c e s . 
(3) To i d e n t i f y t e c h n i c a l o b s t a c l e s t o t h e deve lopment of new v e h i c l e s 
and h a n d l i n g s y s t e m s , and t o d i s c u s s t h e l e v e l and form of r e s e a r c h 
i n v e s t m e n t r e q u i r e d t o a c h i e v e a s o l u t i o n . 
(4) To recommend ways of p romot ing t h e development of p a r t i c u l a r 
v e h i c l e s and h a n d l i n g s y s t e m s , and of e n s u r i n g t h a t t h e sys tems 
d e v i s e d do in p r a c t i c e meet t h e r e q u i r e m e n t s o f u s e r s . 
(5) To recommend r e s e a r c h and development p r i o r i t i e s in r e s p e c t of 
m a t e r i a l s , components , and subsys tems i m p o r t a n t t o t h e p a r t i c u l a r 
v e h i c l e s p roposed . 
(6) To p r o v i d e a s o u r c e of i n f o r m a t i o n and r e f e r e n c e s f o r f u r t h e r 
development of t h i s p r o j e c t . 
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2. SUMMARY OF CONCLUSIONS 
This s e c t i o n c o n t a i n s t h e c o n c l u s i o n s f rom s e c t i o n 9, 
2 . 1 Major v e h i c l e p r o j e c t s recommended 
I s p r a i s recommended t o i n v e s t i g a t e in Phase I I t h e f e a s i b i l i t y of 
d e s i g n i n g , b u i l d i n g and o p e r a t i n g in E u r o p e : -
2 . 1 . 1 A 6000m manned s u b m e r s i b l e , c a p a b l e of r e m a i n i n g submerged f o r a t 
l e a s t 4 days, w i th p r o v i s i o n f o r s h i f t s of crew and s c i e n t i f i c 
o b s e r v e r s , s o p h i s t i c a t e d n a v i g a t i o n and d a t a l o g g i n g , and p r o v i s i o n f o r 
e x t e n s i v e e x p e r i m e n t a l equ ipmen t , i n c l u d i n g t h e use o f m a n i p u l a t o r s and 
work t o o l s . 
2 . 1 . 2 A h y b r i d "p iggy-back" s u b m e r s i b l e sys tem c o n s i s t i n g of a l a r g e mother 
submar ine capab l e of d i v i n g t o 1000-2000m and c a r r y i n g a s m a l l e r deep 
ocean v e h i c l e capab l e of d e s c e n d i n g t o 6000m wi th a u s e f u l work p a y l o a d . 
2 . 1 . 3 An Un te the r ed Remote Opera ted Veh i c l e w i th a dep th c a p a b i l i t y of 
6000m and u s e f u l p a y l o a d , i n c l u d i n g i n t e g r a t e d n a v i g a t i o n w i t h 
' i n t e l l i g e n t ' c o n t r o l s y s t e m s , 24 hours endurance and a high r a t e of d a t a 
g a t h e r i n g wi th l a r g e volume s t o r a g e . 
2 . 1 . 4 A 6000m Remote Opera ted V e h i c l e , lowered in a ' g a r a g e ' , and c a p a b l e 
of c o n d u c t i n g s o r t i e s from t h e ga rage u s i n g an u m b i l i c a l c o n n e c t i o n . 
Required t o c a r r y s o p h i s t i c a t e d work t o o l s and v ideo e q u i p m e n t . 
- 3 -
2 . 2 Recommendations r e g a r d i n g subsystem development 
I s p r a i s recommended in Phase I I t o i n v e s t i g a t e t h e f e a s i b i l i t y of 
a i d i n g t h e development of t h e f o l l o w i n g subsys tems and t e c h n o l o g i e s w i t h i n 
E u r o p e : -
2 . 2 . 1 New m a t e r i a l s , i n c l u d i n g c a r b o n / g r a p h i t e / k e v l a r f i b r e c o m p o s i t e s , 
m e t a l - c e r a m i c c o m p o s i t e s , e t c . , shou ld be t e s t e d and developed f o r 
t h e c o n s t r u c t i o n of l a r g e p r e s s u r e v e s s e l s , and o t h e r components in manned 
and unmanned v e h i c l e s f o r deep ocean u se . 
2 . 2 . 2 The use of novel ene rgy s o u r c e s , p a r t i c u l a r l y t h e c l o s e d c y c l e 
S t i r l i n g and d i e s e l e n g i n e and t h e i r a s s o c i a t e d f u e l s y s t e m s , and 
c e r t a i n s econda ry b a t t e r i e s , shou ld be i n v e s t i g a t e d . Compara t ive t r i a l s , 
and development and m o d i f i c a t i o n s should be c a r r i e d o u t t o e v a l u a t e t h e 
p o t e n t i a l of each t y p e of power s o u r c e in r e a l i s t i c work ing c o n d i t i o n s a t s e a . 
2 . 2 . 3 Advanced computer and p r o c e s s i n g t e c h n i q u e s , i n c l u d i n g t h e development 
of a r t i f i c i a l i n t e l l i g e n c e , should be a p p l i e d t o t h e problems of 
c o n t r o l l i n g Un te the red Remote O p e r a t e d . V e h i c l e s and o t h e r sys tems t o min imise 
t h e e f f e c t s of low d a t a r a t e and d e l a y in s i g n a l t r a n s m i s s i o n . 
2 . 2 . 4 Development should be unde r t aken in advanced n a v i g a t i o n sys tems f o r 
both manned and unmanned v e h i c l e s , i n t e g r a t i n g t h e optimum pe r fo rmance 
a v a i l a b l e from sys tems employing a c o u s t i c b e a c o n s , e l e c t r o - m a g n e t i c l o g s , 
i n e r t i a l n a v i g a t i o n , e t c . T e r r a i n f o l l o w i n g sys tems s h o u l d be i n v e s t i g a t e d 
f o r f a s t n e a r - b o t t o m su rveys and t h e s a f e o p e r a t i o n of manned and unmanned 
f r e e v e h i c l e s . 
2 . 2 . 5 Improved v i s u a l i s a t i o n and a c o u s t i c imaging t e c h n i q u e s , i n c l u d i n g 
p a t t e r n r e c o g n i t i o n schemes, should be deve loped f o r t h e b e t t e r 
c o n t r o l of ROVs and work t o o l s . S t e r e o g r a p h i c and h o l o g r a p h i c sys tems should 
be i n v e s t i g a t e d . 
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2 . 2 . 6 F u r t h e r development i s n e e d e d , and t e s t f a c i l i t i e s a r e r e q u i r e d , f o r 
u m b i l i c a l c a b l e s c a p a b l e of combining f i b r e o p t i c s wi th s t r a i n 
members and o t h e r c o n d u c t o r s , w i th a maximum l e n g t h of 10km. 
2 . 2 . 7 T e s t f a c i l i t i e s shou ld be developed f o r i n v e s t i g a t i n g t h e per formance 
of m a t e r i a l s , s u b m e r s i b l e components , s u b s y s t e m s , and a s s e m b l i e s a t 
dep ths of up t o 6000m, both in t h e l a b o r a t o r y and a t s e a , wi th t h e 
p o s s i b i l i t y of l e a v i n g m a t e r i a l s o r sys tems exposed f o r long p e r i o d s . 
2 . 2 . 8 The French s u b m e r s i b l e "Argyrone te" p r o j e c t s h o u l d be examined wi th 
a view t o s u p p o r t i n g i t s development as an u n d e r w a t e r t e s t - b e d f o r 
t h e s ea t r i a l s o f c l o s e d c y c l e e n g i n e s and o t h e r e n e r g y s o u r c e s , and t h e 
t e s t i n g o f o t h e r l a r g e components and subsys tems in r e a l i s t i c o p e r a t i o n a l 
c o n d i t i o n s . 
2 . 3 P rocedu ra l recommendat ions 
The d i s c u s s i o n t h r o u g h o u t t h i s r e p o r t and t h e recommendat ions l i s t e d 
in s e c t i o n s 2 and 9 a r e based on some g e n e r a l a s s u m p t i o n s and judgements 
c o n c e r n i n g t h e optimum a l l o c a t i o n of r e s e a r c h and deve lopment e f f o r t between 
I s p r a and o t h e r o r g a n i s a t i o n s and u s e r s of remote h a n d l i n g sys tems in t h e 
deep ocean . As f o l l o w s : -
2 . 3 . 1 De l ega t i on and d e c e n t r a l i s a t i o n shou ld be e n c o u r a g e d where p o s s i b l e . 
I f a t e c h n i q u e o r sys tem can be deve loped by one l a b o r a t o r y , company, 
o r n a t i o n , then i t may be w a s t e f u l t o t r y and deve lop i t a t a European l e v e l . 
2 . 3 . 2 Where a proposed p r o j e c t i s t oo l a r g e t o be c a r r i e d o u t by one 
l a b o r a t o r y , company, o r n a t i o n , then t h e r e i s a s t r o n g case t h a t 
i t shou ld be c a r r i e d o u t a t a European l e v e l , p r o v i d e d t h a t t he need has 
been d e m o n s t r a t e d . Exper i enced e n g i n e e r i n g and a d m i n i s t r a t i v e l e a d e r s h i p 
w i l l t hen be c r u c i a l t o s u c c e s s . 
2 . 3 . 3 Recommended p r o j e c t s shou ld draw on s k i l l s and t e c h n o l o g y which t h e 
su rvey has shown t o be p r e s e n t in European c o u n t r i e s . There i s 
e v e r y reason t o t r y and s y n t h e s i s e t h e ach ievements which now e x i s t in 
d i f f e r e n t c o u n t r i e s in o r d e r t o o b t a i n t h e maximum b e n e f i t . 
2 . 3 . 4 S t u d y , d e s i g n , and even e n g i n e e r i n g work s h o u l d be d e l e g a t e d t o 
s p e c i a l i s t l a b o r a t o r i e s o r companies w i t h proven e x p e r t i s e in t h e 
f i e l d , whenever p o s s i b l e , w i th I s p r a a c t i n g as p r o j e c t c o o r d i n a t o r . This 
w i l l c a p i t a l i s e on t h e va lue of s k i l l s a l r e a d y e x i s t i n g , and p r o v i d e some 
exchange of e x p e r t i s e between d i f f e r e n t o r g a n i s a t i o n s p a r t i c i p a t i n g in a 
p r o j e c t . I t w i l l a l s o minimise p o s s i b l e d e l a y s and m i s t a k e s which would 
r e s u l t f rom t r y i n g t o a c q u i r e deep ocean e n g i n e e r i n g e x p e r i e n c e f rom s c r a t c h , 
2 . 3 . 5 For t h e ma jo r sys tems recommended in s e c t i o n 2 . 1 above i t i s no t 
r e a s o n a b l e t o e x p e c t t o r e c o v e r t h e c o s t s of d e v e l o p m e n t , o r 
p o s s i b l y even t h e f u l l c o s t s of o p e r a t i o n , f rom c e r t a i n u s e r s . The 
development of any such m a j o r sys tem must be j u s t i f i e d on t h e b a s i s t h a t 
t h e use of t h e sys tem i s of v a l u e t o Europe, and t h a t i t i s i m p o r t a n t t o 
have t h e n e c e s s a r y t e c h n o l o g i c a l c a p a b i l i t y w i t h i n Europe . 
2 . 3 . 6 In t h e d e s i g n , c o n s t r u c t i o n , and o p e r a t i n g p h a s e s of any of t h e m a j o r 
sys tems recommended in s e c t i o n 2 . 1 , I s p r a s h o u l d e s t a b l i s h a d v i s o r y 
groups of e x p e r t s and p o t e n t i a l u s e r s of t h e equ ipmen t . Many of t h e peop le 
i n t e r v i e w e d d u r i n g t h e p r e s e n t s t u d y would be p r e p a r e d t o a c t as c o n s u l t a n t s 
in t h i s c a p a c i t y . The a l l o c a t i o n of r e s e a r c h t ime u s i n g t h e sys tems shou ld 
be j udged by a panel of p e e r group e x p e r t s , u s i n g t h e w e l l proven methods 
of t h e JOIDES and IPOD d r i l l i n g p r o j e c t s , and s u i t a b l e f u n d i n g a r r a n g e m e n t s 
w i l l need t o be o r g a n i s e d . Such sys tems shou ld a l s o be made a v a i l a b l e f o r 
commercial c h a r t e r . 
2 . 3 . 7 Any ma jo r s y s t e m , i f and when deve loped , w i l l r e q u i r e a p r o f e s s i o n a l 
o p e r a t i n g team, both f o r main tenance of t h e v e h i c l e , and s e a - g o i n g 
o p e r a t i o n s . This f u n c t i o n might b e s t be s u b - c o n t r a c t e d t o a m a j o r 
l a b o r a t o r y o r company wi th t h e n e c e s s a r y o p e r a t i o n a l e x p e r i e n c e . 
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3. DEFINITION OF DEEP OCEAN 
3 .1 Techn ica l annex to t h e C o n t r a c t (No. 2149-83 -07 ED ISP GB) r e q u i r e s 
t h e s t u d y t o c o n s i d e r "deep ocean" remote h a n d l i n g equ ipment . For 
t h e p u r p o s e s of t h i s r e p o r t t h e d e f i n i t i o n of deep ocean w i l l mean in the 
dep th range 2000m t o 6000m. The r e p o r t w i l l n e v e r t h e l e s s c o n s i d e r s h a l l o w e r 
dep ths in some s e c t i o n s . The r e a s o n s a r e as f o l l o w s 
3 .2 In t h e c o r r e s p o n d e n c e p r i o r t o approva l of t h e C o n t r a c t t h e r e was 
r e f e r e n c e t o a s u b m e r s i b l e capab l e of working t o 6000m. IOS d e s c r i b e d 
in i t s t e n d e r i t s e x p e r i e n c e and s k i l l s r e l a t i n g t o work in t h e depth range 
4000-6000m. I t i s t h e r e f o r e assumed t h a t t h e o b j e c t i v e i s t o examine sys tems 
which a r e c a p a b l e , o r p o t e n t i a l l y c a p a b l e in t h e f u t u r e , o f o p e r a t i n g t o 
t h e s e d e p t h s . The ocean t r e n c h dep ths ex tend t o 11,000m, b u t s i n c e t h e y a r e 
r e l a t i v e l y smal l in a r e a , 3% of t h e ocean a r e a , t h e c o s t of i n c r e a s i n g 
o p e r a t i o n s t o t h e s e ex t reme dep ths would be e x c e s s i v e i n p r o p o r t i o n t o 
t h e b e n e f i t . The depth l i m i t of 6000m b r i n g s 97% of t h e ocean f l o o r 
w i t h i n reach of t h e chosen s y s t e m s , i n c l u d i n g a l l t h e a b y s s a l p l a i n s and 
mid-ocean r i d g e s , as we l l as t h e c o n t i n e n t a l s l o p e s and f a n s . 
3 . 3 D i f f e r e n t e x i s t i n g i n d u s t r i e s and t e c h n o l o g i e s a t p r e s e n t o p e r a t e 
t o d i f f e r e n t maximum d e p t h s . Manned s u b m e r s i b l e c r a f t have f r e q u e n t l y 
worked below 2000m, and t h e r e f o r e i t i s r e a s o n a b l e t o c h o o s e t h e sha l l ow 
l i m i t a t a depth which i s wel l beyond t h e c o n v e n t i o n a l 200m depth o f t h e 
edge of t h e c o n t i n e n t a l s h e l f . I t i s l o g i c a l l y r e a s o n a b l e t o e x t r a p o l a t e 
an i n c r e a s e d pe r fo rmance from t h e p r e s e n t manned s u b m e r s i b l e s which o p e r a t e 
in t h e 2000-3000m zone , t o machines which a r e d e s i g n e d t o comple te more 
complex t a s k s in 6000m. On t h e o t h e r hand, p i p e and c a b l e e n t r e n c h i n g 
mach ine ry , and unde rwa te r w e l d i n g , have no t y e t o p e r a t e d d e e p e r than a 
few hundred m e t r e s . Thus , in o r d e r t o examine t h e s t a t u s quo and f i n d a 
b a s i s f rom which t o s t a r t e x t r a p o l a t i o n , we have t o c o n s i d e r t h e p r e s e n t 
f u n c t i o n of t h i s equipment in dep ths s h a l l o w e r than lOOOm. The s t a r t i n g 
p o i n t f o r t h e s t u d y of each sys tem i s l o g i c a l l y t h e maximum depth a t which 
i t o p e r a t e s a t p r e s e n t . 
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4 . RANGE AND LIMITATIONS OF THE STUDY 
4 , 1 The l i t e r a t u r e has been sampled, and a few hundred r e f e r e n c e s s c r u t i n i s e d . 
This i s a r e p r e s e n t a t i v e sample , bu t by no means e x h a u s t i v e . 
4 . 2 I n t e r v i e w s have been wi th t y p i c a l p o t e n t i a l u s e r s and m a n u f a c t u r e r s . 
The range of companies and i n d i v i d u a l s i n t e r v i e w e d in t h e t ime a v a i l a b l e 
had t o be h i g h l y s e l e c t i v e ( s ee Appendix 1 f o r a d d r e s s l i s t of c o n t a c t s ) . 
4 . 3 Working from t h e t e r m i n o l o g y of t h e C o n t r a c t we d e f i n e d a r ange of 
v e h i c l e t y p e s ( see s e c t i o n 6) which a r e r e l e v a n t t o t h e s t u d y . Numerous 
hybr id combina t ions and v a r i a n t s a r e p o s s i b l e , such a s p i g g y - b a c k i n g ROVs on 
l a r g e r s u b m e r s i b l e s , o r d e p l o y i n g remote l o n g - t e r m r e c o r d i n g i n s t r u m e n t s f rom 
ROVs, and some of t h e s e combina t ions a r e d i s c u s s e d . N e v e r t h e l e s s , t h e range 
of sys tems d i s c u s s e d canno t be r ega rded as e x h a u s t i v e . 
4 , 4 We have t aken examples of e x i s t i n g t e c h n o l o g y f r o m a l l o v e r t h e w o r l d , 
b u t v i s i t s and i n t e r v i e w s have been r e s t r i c t e d t o Europe . C o u n t r i e s 
v i s i t e d were F r a n c e , I t a l y , Germany, Norway, Sweden, and t h e Uni ted Kingdom. 
4 . 5 Techn ica l a n a l y s e s have been based on documentary and v e r b a l ev idence 
a v a i l a b l e , p l u s t h e e x i s t i n g s k i l l s and knowledge of IDS p e r s o n n e l . 
No e x p e r i m e n t a l o r e n g i n e e r i n g work o r d e t a i l e d d e s i g n o r c o s t i n g has been 
u n d e r t a k e n a t any s t a g e . 
4 . 6 S ince t h e a r e a of deep ocean in t h e European r e g i o n i s r a t h e r l i m i t e d 
( see F i g u r e 1 ) , we have assumed t h a t European c o m p a n i e s , r e a s e a r c h 
g r o u p s , and m i l i t a r y o r g a n i s a t i o n s have i n t e r e s t s which may ex t end a t t imes 
t o any p a r t of t h e world o c e a n . 
0 # : = # 
M e t r e s 
2 0 0 
2 0 0 0 
4 0 0 0 
FIGURE 1, Water d e p t h s a round Europe 
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5. POTENTIAL USERS OF DEEP OCEAN REMOTE HANDLING EQUIPMENT 
For each u s e r s e c t i o n t h e r e p o r t w i l l rev iew v e r y b r i e f l y t h e 
maximum depth of a c t i v i t y of t h e i n d u s t r y o r r e s e a r c h now; t h e depth 
t r e n d w i t h an approximate p r e d i c t i o n of f u t u r e maximum dep th d u r i n g t h e 
n e x t d e c a d e ; t he p r o b a b i l i t y t h a t t h e a c t i v i t y w i l l r e q u i r e i n t e r v e n t i o n 
in t h e deep ocean us ing remote h a n d l i n g s y s t e m s ; t h e f i n a n c i a l s c a l e of t h e 
a c t i v i t y , wi th some i n d i c a t i o n of t h e f i n a n c i a l , s t r a t e g i c , o r o t h e r i n c e n t i v e s 
o r mo t ive s which might d i c t a t e t h e use of e x p e n s i v e deep ocean i n t e r v e n t i o n 
s y s t e m s . 
The te rm " i n t e r v e n t i o n " w i l l be used t o mean t h e use of deep ocean 
remote h a n d l i n g equ ipmen t , whe the r manned o r unmanned. The t e rm w i l l be 
used in t h e b r o a d e s t s e n s e to i n c l u d e t h e use of a l l t h e sys tems d e f i n e d 
in t h e C o n t r a c t Phase I . The d e f i n i t i o n s of t h e v a r i o u s t y p e s o f v e h i c l e 
and machine a r e g iven in s e c t i o n 6 . 
The p o t e n t i a l c l a s s e s of u s e r s f o r deep ocean i n t e r v e n t i o n sys tems 
were i n i t i a l l y i d e n t i f i e d as f o l l o w s . The numbers in b r a c k e t s r e f e r t o t h e 
numbers used t o l i s t t h e indexed r e f e r e n c e s in t h e b i b l i o g r a p h y . The same 
numbers a r e g iven a t t h e end of each s e c t i o n h e a d i n g . 
(1 ) O f f s h o r e o i l and gas i n d u s t r y - e x p l o r a t i o n and p r o d u c t i o n 
(2) P i p e l a y i n g 
(3) C a b l e l a y i n g 
(4) Manganese nodule mining 
(5) E x t r a c t i o n of mine ra l muds and s u r f a c e d e p o s i t s 
(6 ) Commercial f i s h e r i e s 
(7 ) Repa i r and ma in tenance of s t r u c t u r e s , p i p e l i n e s , e t c . 
(8 ) I n s p e c t i o n and n o n - d e s t r u c t i v e t e s t i n g 
(9) Sa lvage of s h i p s and ca rgo 
(10) Sa lvage of c r a shed a i r c r a f t 
(11) Deployment and r e c o v e r y of i n s t r u m e n t s 
(12) R a d i o a c t i v e was te d i s p o s a l 
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(13) Torpedo r e c o v e r y 
(14) Mine sweeping and removal 
(15) Submarine r e s c u e 
(16) B i o l o g i c a l r e s e a r c h 
(17) Geophysical and g e o l o g i c a l r e s e a r c h 
(18) Phys i ca l oceanography 
(19) Chemical oceanography 
5 .1 O f f s h o r e o i l and gas i n d u s t r y - e x p l o r a t i o n and p r o d u c t i o n (1) 
Oil companies have d i f f e r e n t views and s t r a t e g i e s : some a r e d e t e r m i n e d 
t o e l i m i n a t e t h e use of d i v e r s f rom t h e i r o p e r a t i o n s a s f a r as p o s s i b l e , and 
a l s o wish t o minimise t h e use of manned s u b m e r s i b l e s (BP); o t h e r s seem c o n t e n t 
t o d e v e l o p manned sys tems because of t h e i r v e r s a t i l i t y . Some o i l companies 
have l a r g e o f f s h o r e r e s o u r c e s in w a t e r d e p t h s s h a l l o w e r t h a n 500m, and have 
l i t t l e mo t ive to look any d e e p e r ; o t h e r s have l i m i t e d s h a l l o w e r r e s e r v e s , 
and a r e s t r o n g l y m o t i v a t e d t o s e a r c h in deep w a t e r . The same dichotomy 
a p p l i e s t o n a t i o n s t a t e s . Thus t h e r e i s l i t t l e hope o f a r r i v i n g a t a 
concensus of t h e needs of o i l companies working o f f s h o r e . However, i t i s 
p o s s i b l e t o i d e n t i f y gene ra l t r e n d s , t o no te t h e d e e p e s t o c c u r r e n c e of any 
g iven t y p e of p r o c e s s , i n s t a l l a t i o n , or s t r u c t u r e in each y e a r , and t o make 
a r o u g h l y ba lanced a s s e s s m e n t of f u t u r e n e e d s . 
The s t a g e s of d e v e l o p i n g an o i l f i e l d which may need manned o r ROV 
type o f i n t e r v e n t i o n can be s imply o u t l i n e d as f o l l o w s : -
S t a g e s of work and i n t e r v e n t i o n : 
Geophysica l p r o s p e c t i n g - minimal 
E x p l o r a t i o n d r i l l i n g - p o s s i b l e i n t e r v e n t i o n r e q u i r e d 
P r o d u c t i o n d r i l l i n g and comple t ion - p r o b a b l e i n t e r v e n t i o n r e q u i r e d 
P r o d u c t i o n & Workover - i n t e r v e n t i o n r e q u i r e d o c c a s i o n a l l y f o r 
main tenance and i n s p e c t i o n 
We w i l l i g n o r e the. geophys i ca l p r o s p e c t i n g p h a s e , s i n c e t h e r e i s 
seldom invo lvemen t of mechanical i n t e r v e n t i o n du r ing c o n v e n t i o n a l p r o s p e c t i n g , 
and i f sea bed methods were e v e r i n t r o d u c e d , which i s u n l i k e l y , t h e y would 
t end t o u t i l i s e t e c h n i q u e s s i m i l a r t o t h o s d e s c r i b e d i n t h e Geology-Geophys ics 
u s e r s e c t i o n below. 
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E x p l o r a t i o n d r i l l i n g 
Pe r Rosengren (NOP - Norwegian Pe t ro leum D i r e c t o r a t e ) s t a t e d t h a t 
d r i l l i n g companies o p e r a t i n g in t h e Norwegian s e c t o r now conducted d r i l l i n g 
w i t h o u t hav ing d i v i n g sys tems on b o a r d , and r e l i e d on s y s t e m s which o p e r a t e d 
w i t h o u t i n t e r v e n t i o n , o r on ROVs. BP a l s o s t a t e d in UK t h a t t h e y t r i e d t o 
conduc t a l l work w i t h o u t d i v e r s and w i t h o u t manned v e h i c l e s subsea i f 
p o s s i b l e . Again emphasis was on ROVs and t h e f u t u r e u se of sys tems wi th 
a r t i f i c i a l i n t e l l i g e n c e . All p r o d u c t i o n of o i l and gas in t h e North Sea 
i s s h a l l o w e r than 300m a t p r e s e n t , and in t h e Norwegian s e c t o r t h e r e a r e 
few p l a n s by o i l companies t o produce from deepe r than 500m b e f o r e t h e ' 
y e a r 2000. N e v e r t h e l e s s , t h e r e i s very deep w a t e r o f f t h e n o r t h w e s t c o a s t 
of Norway, down t o 3000m and one p o t e n t i a l o i l f i e l d , A s k e l a d d e n , has been 
i n v e s t i g a t e d f o r BP and S t a t o i l by John Brown Subsea w i t h a view t o a s s e s s i n g 
p r o d u c t i o n p o t e n t i a l from 1000m, and a s p e c u l a t i v e a s s e s s m e n t of p r o d u c t i o n 
from 3000m w a t e r d e p t h . 
The Norwegian government i s in t he e x c e p t i o n a l p o s i t i o n of hav ing 
more than s u f f i c i e n t o i l f o r a l l f o r e s e e a b l e f u t u r e c i r c u m s t a n c e s , and 
t h e r e f o r e i s l e s s concerned t o e x p l o i t margina l deep w a t e r f i e l d s than 
some c o u n t r i e s . Even s o , Mr. Rosengren d id say t h a t s i n c e i t t a k e s 10 y e a r s 
o r more t o p r o g r e s s from t h e d e c i s i o n t o e x p l o r e a f i e l d t o t h e d a t e of f i r s t 
p r o d u c t i o n , i t was t h e r e f o r e t h e r e s p o n s i b i l i t y of NPD t o s t a r t p l a n n i n g now 
f o r the y e a r 2000 and a f t e r . 
The d e e p e s t e x p l o r a t i o n d r i l l i n g o f f n o r t h wes t Europe has been in 
t h e Po rcup ine Sea B igh t and t h e West S h e t l a n d s a r e a s w i t h w e l l s in t h e 
depth r ange 300-500m. Two o t h e r r e c e n t deep e x p l o r a t i o n w e l l s a r e 842m in 
the Aqui la f i e l d in t h e sou th A d r i a t i c , and 1730m in t h e Gulf of Lions 
(Ocean I n d u s t r y , August 1983) . The d e e p e s t commercial e x p l o r a t i o n d r i l l i n g 
e v e r c a r r i e d o u t was in August 1983, when She l l O f f s h o r e I n c . spudded a wel l 
in 2092m of w a t e r , 160km s o u t h e a s t of Cape May, New J e r s e y , USA. Th i s i s 
t h e f i r s t we l l of a 3 -we l l programme wi th t h e d e e p e s t i n 2307m of w a t e r 
(Ocean I n d u s t r y , August 1983) . The mar ine r i s e r p i p e we ighs 1700 t o n n e s , 
bu t i s c l a d in buoyant m a t e r i a l s u p p o r t i n g 98% of t h e w e i g h t in w a t e r . 
Dynamic p o s i t i o n i n g of t h e d r i l l s h i p i s by r e f e r e n c e t o a c o u s t i c s ea f l o o r 
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beacons . The sys tem i s de s igned t o o p e r a t e w i t h o u t any d i r e c t i n t e r v e n t i o n 
from s u b m e r s i b l e s e t c . , bu t an ROV with TV d i s p l a y on t h e s u r f a c e i s an 
i n t e g r a l p i e c e of equ ipment . Cost of d r i l l i n g one we l l in t h i s programme 
i s a p p r o x i m a t e l y $50 m i l l i o n (Ocean I n d u s t r y , October 1982, p41; s ee a l s o 
F r i s b i e , 1983) . 
The i n c r e a s e in maximum depth of e x p l o r a t i o n w e l l s has been from 
706m in 1975 t o 2307m in 1983/84 (Ocean I n d u s t r y , Oc tobe r 1982) . On t h e 
c o n s e r v a t i v e e s t i m a t e of 200m/year t h e i n c r e a s e over t h e n e x t decade w i l l 
be of t h e o r d e r of 2000m, making a maximum depth of 4000m. This i s n o t 
u n r e a s o n a b l e , s i n c e t e c h n o l o g i c a l advances t o s o l v e d e p t h - r e l a t e d problems 
a r e l i k e l y t o b r i n g i nc r emen t s of depth c a p a b i l i t y which a r e p r o g r e s s i v e l y 
l a r g e r . The d i f f e r e n c e between 50m and 100m i s s i g n i f i c a n t ; t h e d i f f e r e n c e 
between 2000m and 2050m i s n o t . 
Thus i t seems h i g h l y p r o b a b l e t h a t t h e t e c h n o l o g i c a l competence w i l l 
e x i s t w i t h i n t h e n e x t t en y e a r s t o conduct e x p l o r a t i o n d r i l l i n g in 4000m 
d e p t h , a n d , on p r e s e n t t r e n d t h e r e w i l l be companies w i l l i n g t o b e a r t h e 
c o s t and r i s k s o f such d r i l l i n g . The depth of 4000m i s c o m p a t i b l e w i th 
t h e d e e p e s t s e d i m e n t f a n s of t h e c o n t i n e n t a l s l o p e , and t h e s e a r e a p o s s i b l e 
s o u r c e o f hyd roca rbons (McKelvey and Wang, 1969) . Thus s u p p o r t s e r v i c e s and 
t h e c a p a b i l i t y f o r i n t e r v e n t i o n in t h e e v e n t of l o s s o f equipment o r 
emergenc ies shou ld be deve loped p r o g r e s s i v e l y t o meet t h i s depth r e q u i r e m e n t . 
The a c t u a l p r o g r e s s of t h e depth of e x p l o r a t i o n o f f s h o r e w i l l depend 
c r i t i c a l l y on t h e world p r i c e of o i l , and hence the economics of e x p l o i t i n g 
margina l f i e l d s . S ince i t i s i m p o s s i b l e t o p r e d i c t w h e t h e r t h e wor ld 
ene rgy and o i l supp ly w i l l become one of g l u t and low p r i c e s , o r s h o r t a g e 
and high p r i c e s , t h e on ly r e a s o n a b l e assumpt ion i s t h a t p a s t t r e n d s t h rough 
t h e l a s t decade w i l l c o n t i n u e more o r l e s s c o n s i s t e n t l y o v e r t h e n e x t 
decade . S ince t h e l a s t decade has i t s e l f seen many economic e x c u r s i o n s , 
t h i s i s a f a i r compar i son . In te rms of d r i l l i n g a c t i v i t y , t h e number of 
w e l l s d r i l l e d between 1970 and 1982 i n c r e a s e d from 1370 g l o b a l l y ( e x c l u d i n g 
communist b l o c ) t o 3095 p e r y e a r . The i n c r e a s e was c o n t i n u o u s in e v e r y 
y e a r e x c e p t 1971 and 1979 (Ocean I n d u s t r y , October 1 9 8 2 ) . V e h i c l e s most 
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p r o b a b l y needed d u r i n g e x p l o r a t i o n d r i l l i n g a r e RQVs, equ ipped wi th TV; 
back-up sys tems in e v e n t of emergency would p r o b a b l y be h e a v i e r ROVs wi th 
t h e c a p a c i t y t o work wi th t o o l s , o r p ick up l o s t o r damaged g e a r . The use 
of manned s u b m e r s i b l e s i s j u s t p o s s i b l e , bu t would p r o b a b l y on ly be needed 
in t h e c a s e of ex t reme emergency. 
Some measure of t h e r ange of work which can now be c a r r i e d o u t by an 
ROV t o d e p t h s of t h e o r d e r of 2000m a r e shown in T a b l e s 1 and 2 , r ep roduced 
from F r i s b i e , 1983. 
P r o d u c t i o n d r i l l i n g and comple t ion 
P r o d u c t i o n d r i l l i n g and comple t ion of t h e wel l r e q u i r e s more permanent 
i n s t a l l a t i o n s , l a r g e r bottom modules or m a n i f o l d s , more complex i n s t a l l a t i o n s 
on t h e sea f l o o r , equipment t o p r e v e n t b low-out of o i l o r gas under p r e s s u r e , 
and f i n a l l y c o n n e c t i o n of t h e p roduc ing well t o a p i p e l i n e , e i t h e r a long t h e 
sea bed , o r v e r t i c a l l y t o a f l o a t i n g t a n k e r . I t i s t h e f i n a l e n g i n e e r i n g 
s t a g e o f c o m p l e t i n g t h e wel l and c o n n e c t i n g i t t o t h e p r o d u c t i o n sys tem 
which i s d e p t h - l i m i t i n g . 
These o p e r a t i o n s have in t h e p a s t r e q u i r e d more o r l e s s r e g u l a r 
i n t e r v e n t i o n by d i v e r s o r manned, v e h i c l e s . By d e f i n i t i o n , a l l work i n t h e 
p r e s e n t su rvey i s beyond d i v e r d e p t h . Oil companies a r e r e - d e s i g n i n g d r i l l i n g 
and p r o d u c t i o n seabed equipment so t h a t i n t e r f a c e s , j o i n t s , m a t i n g s , e t c . , 
can be made a u t o m a t i c a l l y w i t h o u t w e l d i n g , and w i t h o u t manned i n t e r v e n t i o n . 
All i n f o r m a n t s (BP, S h e l l , John Brown Subsea , Rosengren) conf i rmed t h i s 
p o i n t . N e v e r t h e l e s s , t h e s t a g e s of d r i l l i n g and i n s t a l l i n g subsea p r o d u c t i o n 
w e l l - h e a d s , c h r i s t m a s - t r e e s , and g a t h e r i n g modules , i s t h e most complex phase 
of t h e e n g i n e e r i n g o p e r a t i o n s in t h e development of a f i e l d , and i t i s d u r i n g 
t h i s phase t h a t u n p r e d i c t a b l e i n t e r v e n t i o n i s most l i k e l y t o be needed . 
Although t h e g r e a t m a j o r i t y of s t e p s can be de s igned t o be a u t o m a t i c , t h e r e 
w i l l o f t e n be t h e need f o r v i s u a l i n s p e c t i o n by ROV, and o c c a s i o n a l c o r r e c t i v e 
a c t i o n o r heavy work u n d e r w a t e r . 
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The f o l l o w i n g r e p r e s e n t t h e p r imary and con t ingency work t a s k s r e q u i r e d f o r 
t h e DUAL HYDRA 2500 sys t em. The v e h i c l e c a p a b i l i t y and t o o l i n g i s c o n s i d e r e d 
as a u n i t . 
( a ) S t a n d a r d Suppor t O p e r a t i o n s 
Rig Ope ra t i on Task 
S t a t i o n & Probe P lace beacons , i n s p e c t bot tom and measure 
s l o p e , c l e a r d e b r i s . Watch r e t u r n s w h i l e 
d r i l l i n g the p i l o t h o l e . Look f o r g a s . 
P l a c e temporary gu ide I n s p e c t , c l e a r d e b r i s and v i s u a l l y base and 
d r i l l ou t gu ide p l acemen t and o r i e n t a t i o n of 
t emporary guide b a s e , measure v e r t i c a l i t y . 
Watch d r i l l i n g . Guide any r e - e n t r y of 
b i t / h o l e o p e n e r . 
Run 30" V i s u a l l y guide r e - e n t r y o f 30", Watch run and 
l a n d . Check f o r p r o p e r e l e v a t i o n . Watch f o r 
cement r e t u r n s . V i s u a l l y guide remedia l 
cement ing i f n e c e s s a r y . 
Guide Base O r i e n t a t i o n E s t a b l i s h .guide base o r i e n t a t i o n . 
D r i l l 12 1 /4" V i s u a l l y guide r e - e n t r y , watch d r i l l i n g . 
Open t o 26" V i s u a l l y guide r e - e n t r y , watch d r i l l i n g . 
Run and cement 20" I n s p e c t , c l e a r d e b r i s and guide r e - e n t r y , 
watch runn ing and l a n d i n g . Watch f o r cement 
r e t u r n s . 
Run R i s e r & Land BOP I n s p e c t , c l e a r d e b r i s and v i s u a l l y gu ide 
r e - e n t r y , watch l a n d i n g . Check H-4 
i n d i c a t o r rod . E s t a b l i s h BOP o r i e n t a t i o n . 
T e s t BOP I n s p e c t s t a c k and r i s e r . 
D r i l l and log t e s t When abandonment i s r e q u i r e d i n s p e c t s t a c k 
and r i s e r . Keep bottom f r e e of d e b r i s . 
D i sconnec t lower s t a c k I n s p e c t w e l l . 
Pu l l r i s e r -
R e t r i e v e w e l l h e a d V i s u a l l y guide r e - e n t r y o f c u t t i n g / r e t r i e v a l 
t o o l s . Watch r e c o v e r . I n s p e c t bot tom and 
r e c o v e r d e b r i s . Recover b e a c o n s . 
TABLE 1 : SCOPE OF WORK CARRIED OUT BY DUAL HYDRA 2500 ROV IN 2000m 
(From F r i s b i e , 1983) 
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V e s s e l : D i s c o v e r e r Seven Seas 
L o c a t i o n : Eas t Coast USA 
Job D e s c r i p t i o n : Rig Suppor t 
C l i e n t : S h e l l 
Date Dive No Depth ( f sw) Dura t ion O b j e c t i v e 
7/30/83 
7/31/83 
801/83 
8/02/83 
8/03/83 
8/04/83 
8/06/83 
8/09/83 
8/10/83 
8/13/83 
8/14/83 
8/15/83 
8/19/83 
8/23/83 
8/26/83 
8/28/83 
8/31/83 
9/01/83 
9/01/83 
83/001 
83/002 
83/003 
83/004 
83/005 
83/006 
83/007 
83/008 
83/009 
83/010 
83/011 
83/012 
83/013 
83/014 
83/015 
83/016 
83/017 
83/017 
83/018 
200 
6448 
4300 
4100 
4300 
4000 
6448 
6448 
6448 
6448 
6448 
6448 
6448 
4700 
700 
700 
6448 
6448 
644& 
30 mins 
8 h r s . 17 mins 
2 h r s . 22 mins 
2 h r s . 12 mins 
3 h r s . 58 mins 
3 h r s . 36 mins 
4 h r s . 30 mins 
1 h r . 07 mins 
5 h r s . 01 mins 
4 h r s . 59 mins 
4 h r s . 44 mins 
8 h r s . 21 mins 
9 h r s . 
4 h r s . 30 mins 
4 h r s . 30 mins 
2 h r s . 30 mins 
17 h r s . 10 mins 
10 h r s . 15 mins 
8 h r s . 15 mins 
T e s t d ive t o 200 f sw. 
Deploy Honeywell 906 
beacon , obse rve d r i l l 
b i t t a g bottom t a k e 
bottom sample . 
Observe runn ing of 48" 
c a s i n g and obse rve 
u n l a t c h i n g of r u n n i n g 
t o o l . 
Observe^ runn ing of 48" 
c a s i n g and mud-mats. 
T e s t d i v e . 
T e s t d ive . 
Observe and h e l p g u i d e 
s t a b b i n g of d r i l l b i t 
i n t o Perm. Gu idebase . 
Observe s t a b b i n g of 
d r i l l s t r i n g f o r 
l o g g i n g o p e r a t i o n s . 
S tab 25" d r i l l b i t . 
S t ab 26" d r i l l b i t . 
Wellhead i n s p e c t i o n . 
S t a b b i n g of 20" c a s i n g -
Bottom s e a r c h f o r l o s t 
anode package . 
T e s t d ive t o 4700' t o 
pu t shims on broken 
s t r a n d . 
S tack i n s p e c t i o n t o 
700' t o check o u t 
a c o u s t i c beacon arms 
w h i l e s t a c k i s b e i n g 
lowered t o bo t t om. 
S t ack i n s p e c t i o n t o 
700' t o check o u t 
a c o u s t i c beacon arms 
w h i l e s t a c k i s b e i n g 
lowered t o bo t tom. 
R i s e r i n s p e c t i o n and 
s t a n d b y t o l and s t a c k . 
C o n t i n u a t i o n of 
dive 017 8/31/83. 
Landing BOP S t a c k . 
TABLE 2 : EXTRACT FROM DUAL HYDRA DIVING LOG WHEN CARRYING 
OUT OPERATIONS IN 2000mOF WATER (From F r i s b j e , 1983) 
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The d e e p e s t p r o d u c t i o n w e l l s a t p r e s e n t proposed i n c l u d e an Exxon s u b s e a 
comple t ion gas wel l o f f t h e M i s s i s s i p p i Canyon in 460m of wate r (Ocean 
I n d u s t r y , J u l y 1983) ; a number of w e l l s in v a r i o u s p a r t s of t he world a r e 
p roduc ing o i l o r gas f rom 300-350m. Most of t h e s e a r e a s s o c i a t e d wi th 
c o n v e n t i o n a l o r n e a r l y c o n v e n t i o n a l p l a t f o r m s , whe ther r i g i d o r compl i an t 
o r wi th p r o d u c t i o n on t empora ry f l o a t i n g b a r g e s . A c o m p l i a n t guyed tower 
o p e r a t i n g in 310m was i n s t a l l e d n e a r t h e M i s s i s s i p p i Canyon in June 1983. 
Total Oil in c o n j u n c t i o n w i th t h e I n s t i t u t F r a n c a i s du P e t r o l e a r e d e v e l o p i n g 
e x p e r i m e n t a l production sys tems which a r e f u l l y f l o a t i n g , wi th f l e x i b l e r i s e r s , 
f o r p r o d u c t i o n t o d e p t h s of 3000m of wa te r (The Oilman, September 1983) . The 
group a r e d e v e l o p i n g a u t o m a t i c p i p e r e p a i r i n g equipment f o r beyond d i v i n g 
d e p t h s . 
The use of subsea comple t ion sys tems i s e n v i s a g e d a s t h e method which 
w i l l be used in t h e d e e p e s t w a t e r s , where p l a t f o r m s may n o t be p r a c t i c a b l e . 
A rev iew of subsea p r o d u c t i o n t e c h n o l o g y (1981 Subsea P r o d u c t i o n Annual 
Review) showed 244 subsea p r o d u c t i o n w e l l s worldwide a t t h a t d a t e . Only 22 
of t h e s e were deeper than 150m. A rev iew of deve lopments over 12 months t o 
J u l y 1983 (Ocean I n d u s t r y , J u l y 1983, p . 47) shows t h a t 57 w e l l s were 
completed subsea d u r i n g t h a t p e r i o d , wi th t h e d e e p e s t a t 270m o f f B r a z i l . 
F i f t y t h r e e of t h e subsea c o m p l e t i o n s were ach ieved w i t h t h e a i d of d i v e r s , 
and on ly 4 used d i v e r l e s s i n s t a l l a t i o n s y s t e m s . One sys tem i s l i s t e d as on 
o r d e r f o r Chevron, S p a i n , f o r a dep th of 770m in t h e Montanazo F i e l d , in t h e 
Med i t e r r anean (Ocean I n d u s t r y , J u l y 1983, p . 5 1 ) . A f o r e c a s t i n g r ev iew 
(Ocean I n d u s t r y , Oc tober 1982, p . 78) s u g g e s t s a maximum depth of subsea 
p r o d u c t i o n by 1990 of 1000m, and 1200m by 1995. These a r e t h e most p r o b a b l e 
e s t i m a t e s , and the h i g h e s t e s t i m a t e s f o r t h e same d a t e s would be 1200m and 
1800m r e s p e c t i v e l y . Saipem conf i rmed t h a t t h e y a t p r e s e n t have c o n t r a c t s 
p r o v i d i n g e n g i n e e r i n g s e r v i c e s and s u b m e r s i b l e o p e r a t i o n s t o a s s i s t 
p r o d u c t i o n d r i l l i n g a t a dep th of 615m, and expec t t o work t o 1000m in t h e 
nex t few y e a r s . 
At t h e p r e s e n t d a t e use of subsea c o m p l e t i o n s mus t be r e g a r d e d as 
expe r imen ta l o r marg ina l in r e l a t i o n t o p r o d u c t i o n on s u r f a c e p l a t f o r m s , 
even though t h e t e c h n i q u e has been a v a i l a b l e f o r 20 y e a r s . The Magnus F t e l d 
in t h e North Sea employs 7 remote subsea w e l l s c o n n e c t e d t o a j a c k e t p l a t f o r m 
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in 186m of w a t e r . The use o f f l o a t i n g p l a t f o r m s , t e n s i o n - l e g p l a t f o r m s , 
and c o m p l i a n t tower p l a t f o r m s , amongst o t h e r s y s t e m s , has tended t o pos tpone 
t h e a d o p t i o n of t r u e subsea p r o d u c t i o n systems on t h e l a r g e s c a l e . Whatever 
t h e f u t u r e b a l a n c e between p l a t f o r m s and subsea c o m p l e t i o n s , t he c o s t of 
p l a t f o r m s i s bound to i n c r e a s e w i th d e p t h , w h i l s t subsea . p r o d u c t i o n modules 
w i l l become r e l a t i v e l y more economic . The t r e n d in maximum depth of 
p r o d u c t i o n w i l l n e c e s s a r i l y l a g behind t h a t of e x p l o r a t i o n , and t hus a 
maximum depth of p r o d u c t i o n of 1200-1800m somewhere i n t h e world by 1995 
i s r e a s o n a b l e in r e l a t i o n t o t h e e s t i m a t e above of a maximum depth of 
e x p l o r a t i o n d r i l l i n g of 4000m by 1993. 
R e l i a b i l i t y of t h e i n s t a l l e d p r o d u c t i o n sys tem i s c r i t i c a l , and t h e 
e n g i n e e r i n g of t h i s i s d e s i g n e d t o avo id s u b s e q u e n t i n t e r v e n t i o n (BP, 
John Brown S u b s e a ) . In t h i s c o n t e x t i t i s no tewor thy t h a t one of t h e 
w o r l d ' s f i r s t subsea Chr i s tmas t r e e s was r e c o v e r e d f rom t h e Santa Barba ra 
Channel in 1983 a f t e r 20 y e a r s of con t inuous o p e r a t i o n (Ocean I n d u s t r y , 
J u l y 1983, p 5 3 ) . 
Manned s u b m e r s i b l e s , ROVs, one-man v e h i c l e s , and r o b o t i c d e v i c e s 
a r e a l l used r o u t i n e l y in t h e f i n a l s t a g e s of p r o d u c t i o n d r i l l i n g and 
comple t ion of w e l l s , w h e t h e r t h e comple t ion i s s u b s e a , o r on a s u r f a c e 
p l a t f o r m . Oceaneer ing I n c . have graded some of t h e work in terms of 
" i n c r e a s i n g t a s k d i f f i c u l t y " on a s c a l e of 1 - 1 0 , as f o l l o w s : -
1 = O b s e r v a t i o n 
2 = Simple r e c o v e r y 
3 = Line c u t t i n g , removing d e b r i s 
4 = S t r u c t u r a l c l e a n i n g f o r v i s u a l i n s p e c t i o n 
5 = Connec t ing h y d r a u l i c l i n e s and r e p l a c i n g g u i d e l i n e s 
6 = Use of power t o o l s , v a l v e o p e r a t i o n , n o n - d e s t r u c t i v e t e s t i n g 
7 = Simple module r ep l acemen t 
8 = Alignment t a s k s , f l a n g e make-up, r e p l a c e v a l v e s t a b o v e r s h o t 
9 = S o p h i s t i c a t e d d i s a s s e m b l y and r e a s s e m b l y 
10 = P r e c i s i o n t a s k s , d r i l l and t a p , s t r u c t u r a l we ld ing 
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Oceanee r ing e s t i m a t e (Subsea P r o d u c t i o n Annual Review 1981, p l36) 
t h a t m u l t i - p e r s o n manned s u b m e r s i b l e s can accompl i sh t a s k s up t o complex i ty 
l e v e l 4 ; b u t t h a t one-man sys tems and ROVs can work t o complex i ty l e v e l 10. 
This i s presumably because t h e s i z e and mass of t h e l a r g e r v e h i c l e s makes 
i t u n s a f e t o b r i n g them r e a l l y c l o s e t o c o m p l i c a t e d p i e c e s of mach ine ry , 
and p r e v e n t s them a p p l y i n g f i n e l y judged f o r c e s . 
In t h e c o n t e x t o f t a s k s r e q u i r e d i t shou ld be n o t e d t h a t BP, S h e l l , 
John Brown Subsea , and t h e Norwegian Pe t ro leum D i r e c t o r a t e conf i rmed t h a t 
w e l d i n g , below a depth of a few hundred m e t r e s , was n o t p r a c t i c a b l e , and 
would be r e p l a c e d by m e c h a n i c a l l y o r h y d r a u l i c a l l y made j o i n t s . This 
view was no t s h a r e d by GKSS G e e s t a c h t . 
Summary 
The o i l i n d u s t r y i s t h e l a r g e s t o f f s h o r e i n d u s t r y employing 
i n t e r v e n t i o n s y s t e m s . We have d e s c r i b e d t h e p r o b a b l e f u t u r e e x t e n s i o n i n t o 
d e e p e r w a t e r in some d e t a i l , s i n c e p a s t e v e n t s show t h a t t h i s i n d u s t r y i s 
t he b i g g e s t cus tomer f o r h igh t e c h n o l o g y deep w a t e r s y s t e m s . There w i l l 
be a m a j o r r e q u i r e m e n t f o r i n t e r v e n t i o n t o 1200-1800m by 1995, and a 
s e c o n d a r y r e q u i r e m e n t t o 4000m. There w i l l be no l i k e l i h o o d of o i l 
e x p l o r a t i o n e x t e n d i n g t o dep ths in e x c e s s of 4000m. 
5 . 2 P i p e l a y i n g (2) 
W i l l a t and Cameron (1983) d e s c r i b e a powered t r a c k e d v e h i c l e f o r 
p l o u g h i n g a bottom t r e n c h and b u r y i n g a p i p e o r c a b l e . A l i s t of 19 seabed 
v e h i c l e s i s i n c l u d e d in t h i s p a p e r . Most of t h e s y s t e m s a r e d e s i g n e d t o 
o p e r a t e on t h e c o n t i n e n t a l s h e l f t o dep ths of 200-300m. 
P i p e l a y i n g w i l l n o r m a l l y be conducted t o d e p t h s ve ry s i m i l a r t o 
t h a t of o i l p r o d u c t i o n . The e x c e p t i o n i s where a deep channe l has t o be 
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c r o s s e d , as from T u n i s i a t o I t a l y , o r f rom t h e B r i t i s h S h e l f t o Norway, 
where t h e p ipe may a t some p o i n t e x t e n d deepe r than t h e p o i n t of p r o d u c t i o n . 
I t i s u n l i k e l y t h a t p i p e l a y i n g o r p ipe main tenance and i n s p e c t i o n w i l l have 
t o be c a r r i e d o u t s i g n i f i c a n t l y deepe r than t h e depth of p r o d u c t i o n , and 
so t h e 1995 p r e d i c t i o n may be t aken as s i m i l a r t o t h a t f o r o i l p r o d u c t i o n 
at 1200-1800m. 
Heavy sea bed mach inery i s needed t o e n t r e n c h smal l d i a m e t e r p ipe s 
on t h e S h e l f , t o p r o t e c t them from damage. P ipes l a r g e r than abou t 20" in 
d i a m e t e r do no t need e n t r e n c h i n g on t h e S h e l f (John Brown Subsea ; S h e l l ) ; 
and no p i p e l i n e s w i l l need e n t r e n c h i n g in d e e p e r w a t e r , where t h e y a r e 
s a f e f rom bottom t r a w l s and a n c h o r s . Thus t h e r e i s no f o r e s e e a b l e need 
f o r heavy p ipe e n t r e n c h i n g and embedding equipment d e e p e r than 200-300m. 
5 . 3 C a b l e l a y i n g (3) 
Submarine c a b l e l a y i n g c o n t i n u e s t o be a ma jo r i n d u s t r y , and 
advanced c a b l e d e s i g n , r e p e a t e r s , and t h e use of f i b r e - o p t i c s , e n s u r e 
t h a t c a b l e s w i l l c o n t i n u e t o compete wi th s a t e l l i t e communication l i n k s . 
Cable e n t r e n c h i n g and i n s p e c t i o n and r e p a i r on t h e C o n t i n e n t a l S h e l f , 
s h a l l o w e r than 300m, u t i l i s e v e h i c l e s and embedding m a c h i n e r y . There a r e 
no r e p o r t s of manned s u b m e r s i b l e s b e i n g used f o r r e p a i r s in d e e p e r w a t e r . 
I t i s i n h e r e n t l y s i m p l e t o d rag f o r a c a b l e normal t o t h e known t r e n d of 
t h e c a b l e . The use of an ROV might be an a d v a n t a g e , b u t might n o t r educe 
s h i p t ime s u f f i c i e n t l y t o j u s t i f y t h e e x t r a c o s t . B r i t i s h Telecom have 
deve loped and used a t r a c k e d j e t t i n g v e h i c l e f o r t r e n c h i n g and b u r y i n g 
communicat ions c a b l e s . I t i s c a l l e d Sea Dog, and o p e r a t e s on ly t o 300m 
d e p t h . A s o p h i s t i c a t e d c a b l e g r a p n e l , c u t t e r , and l i f t i n g d e v i c e i s 
d e s c r i b e d by S c a r f e (1983) f o r use down t o 9100m. McBeth (1974) d e s c r i b e s 
t h e use of P i s c e s V f o r t h e b u r i a l of a t e l e c o m m u n i c a t i o n s c a b l e in 1824m 
d e p t h . I t i s l i k e l y t h a t towed s o n a r v e h i c l e s w i l l be used more in t h e 
f u t u r e t o p rov ide r o u t e i n g i n f o r m a t i o n . 
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5 . 4 Manganese nodule mining (4) 
Manganese nodu les o c c u r as a s u r f a c e l a y e r on t h e ocean f l o o r in 
d e p t h s of 4000-6000m. The most e c o n o m i c a l l y e x t e n s i v e f i e l d s occu r in t h e 
P a c i f i c , a l t h o u g h smal l q u a n t i t i e s occu r in t h e T y r r h e n i a n Basin of t h e 
M e d i t e r r a n e a n . There a r e s i x m a j o r c o n s o r t i a s e e k i n g t o deve lop t h e 
t e c h n o l o g y t o e x p l o i t t h e n o d u l e s . These a r e : -
Ocean Mining A s s o c i a t i o n s (US S t e e l ; Union M i n i e r ; Sun Company; 
SAMIN) 
Kennecot t Consor t ium (Kennecot Copper; RTZ; C o n s o l i d a t e d Gold 
F i e l d s ; BP; Noranda Expl . I n c . ; M i t s u b i s h i ) 
Ocean Management I n c . (INCO; P r e u s s a g ; Sumitomo; SEDCO) 
Ocean Mineral Co. (Lockheed; S t anda rd Oil of I n d i a n a ; 
Royal Dutch S h e l l ; Bos K a l i s Wes tmins t e r ) 
Deep Ocean Mining A s s o c i a t e s (38 J a p a n e s e companies) 
French A s s o c i a t i o n f o r t h e Study and Research o f Nodules 
(4 French companies) 
We r e c e i v e d w r i t t e n s t a t e m e n t s f rom RTZ; and v e r b a l o p i n i o n s from 
CNEXO in F r a n c e , and GKSS in Germany, who have a d v i s e d t h e P r e u s s a g 
conso r t i um (Borche rd ing e t a l , 1977) . CNEXO a r e a t p r e s e n t p a r t way 
th rough a f i v e - y e a r programme of d e v e l o p i n g a s i d e s c a n deep towed v e h i c l e 
known as SAR t o s t u d y nodule f i e l d s . The o t h e r i n f o r m a n t s were of t h e 
o p i n i o n t h a t r e s e a r c h on n o d u l e s i s a l m o s t a t a h a l t . The r e a s o n s have 
been p r o v i d e d in most d e t a i l by r e p o r t s f rom RTZ, and can be summarised 
as f o l l o w s . 
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The s i x c o n s o r t i a have i n v e s t e d of t h e o r d e r of $ 0 . 5 b i l l i o n so f a r in 
nodu le deve lopment , and s e v e r a l a l t e r n a t i v e d redg ing sys t ems have been t e s t e d 
in t h e deep ocean . The r e p o r t f rom RTZ ( L i t t m a n , 1983) a s s e s s e s nodule 
d e p o s i t s in te rms of Abundance, D i s p e r s i o n , Grade, Water d e p t h , Technology 
r e q u i r e d , p roduc ing a gene ra l a s s e s s m e n t of m i n e a b i l i t y . Land-based r e s e r v e s 
of n i c k e l , copper, and c o b a l t a r e e s t i m a t e d t o be 25-35 y e a r s , even assuming 
a high growth r a t e in demand. Thus, t o be worth min ing , sea bed nodules must 
be r e c o v e r a b l e a t a lower c o s t t han land r e s e r v e s . In o r d e r f o r a nodule 
mining s i t e t o be a t t r a c t i v e , t h e d e p o s i t a r e a must be o f abou t 50,000 sq km. 
That i s an a r e a 25% l a r g e r than Ho l l and . 
Most c o n s o r t i a base t h e c o l l e c t i o n method on a v e h i c l e o r d redge head 
which i s p r o p e l l e d o r dragged a long t h e sea bed; which l i f t s and s e p a r a t e s 
t h e nodu les from t h e mud, and pumps them up t o a s u r f a c e s h i p . Dr. G.G. S a n t i 
d e s c r i b e d an a l t e r n a t i v e sys tem us ing a s u b m e r s i b l e t o g a t h e r t h e nodules to 
a c e n t r a l c a i s s o n o r s u b m e r s i b l e ba rge l y i n g on t h e ocean bed , which was then 
l i f t e d to t h e s u r f a c e s h i p . L i t tman (1983) conc ludes t h a t t h e world market 
does n o t put an immediate demand on t h e development of subsea manganese 
n o d u l e s , w h i l s t t h e u n c e r t a i n s t a t e of t h e law of t h e s ea a c t s a s a s t r o n g 
d i s i n c e n t i v e . 
Smale-Adams (1983 a l s o of RTZ, e s t i m a t e s t h a t an o v e r a l l i n v e s t m e n t 
of t h e o r d e r of $1 .5 b i l l i o n would be needed t o deve lop a subsea manganese 
mining o p e r a t i o n . Assuming t h e a v e r a g e u n i t c o s t of p r o d u c i n g n i c k e l as 
100 u n i t s , p r o d u c t i o n f rom d i f f e r e n t land s o u r c e s a t p r e s e n t v a r i e s from 
91 u n i t s t o 126 u n i t s . These a r e s imply b reak -even p r o d u c t i o n c o s t s , 
e x c l u d i n g c a p i t a l r e c o v e r y c h a r g e s , t a x e s , e t c . On t h i s i n d e x i t i s 
e s t i m a t e d t h a t a subsea mining o p e r a t i o n would c o s t 150-200 u n i t s , but 
i n c l u d i n g c a p i t a l c o s t s winch t h e s e a r e so h i g h . Al though t h e compar i sons 
a r e o b v i o u s l y d i f f i c u l t t o a c h i e v e , Smale Adams c o n c l u d e s t h a t wi th p r e s e n t 
and f o r e s e e a b l e t e c h n o l o g y t h e c o s t o f p roduc ing n i c k e l f rom t h e deep ocean 
i s a p p r o x i m a t e l y t w i c e t h a t of p r o d u c t i o n from l a n d . 
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Summary 
Manganese nodule mining i s be ing he ld in abeyance by most c o n s o r t i a , 
in view of t h e h igh c o s t s . Some r e s e a r c h i s c o n t i n u i n g a t a low l e v e l . I f 
mining were t o go a h e a d , even on a p r o t o t y p e b a s i s , o r t r i a l p r o d u c t i o n , 
i n v e s t m e n t of t h e o r d e r of $200 m i l l i o n would be needed . The working depth 
would p robab ly be in t h e range 4000-6000m. ROVs o r deep- towed sys tems might 
be needed f o r i n s p e c t i o n work and s u r v e y of t h e nodule f i e l d s . In t h e even t 
of any damage o r l o s s t o t h e d r e d g i n g system t h e r e would a lmos t c e r t a i n l y be 
an immediate r e q u i r e m e n t f o r manned v e h i c l e i n t e r v e n t i o n t o f a c i l i t a t e r e p a i r 
o r s a l v a g e . 
5 .5 E x t r a c t i o n of mine ra l muds and s u r f a c e d e p o s i t s (5) 
Hot b r i n e muds c o n t a i n i n g mine ra l s a l t s of n i c k e l , s i l v e r , t i t a n i u m 
and copper have been found a t dep th of t h e o r d e r of 2200m (Fanger and P e p e l n i k , 
1979) i n t h e Red S e a . The P r e u s s a g mining company of Germany has i n v e s t e d 
l a r g e sums of money in t r i a l d r e d g i n g o p e r a t i o n s , wi th t h e c o o p e r a t i o n of 
t h e governments of Saudi Arab ia and Sudan. Dr. Pepe ln ik (GKSS) in formed us 
of t h e i n s t r u m e n t a t i o n used t o a s s e s s t h e o r e q u a l i t y d u r i n g d r e d g i n g . 
The system has been o p e r a t e d w i t h o u t any i n t e r v e n t i o n sys tem w i t h i n t h e 
sense of t h e p r e s e n t s t u d y . The economics of t h e mine ra l mud mining seen to 
be s l i g h t l y b e t t e r t han f o r manganese nodu le min ing , p a r t l y because t h e ; 
p a y - d i r t i s a l r e a d y in t h e form of a l i q u e f i e d s l u r r y which i s r e l a t i v e l y 
ea sy t o pump, because t h e s e a - b e d w i l l n o t be c l eaned i n t o ba re s t r i p s by 
t h e d r e d g i n g o p e r a t i o n , and because t h e s t a t e s on t h e a d j a c e n t c o a s t s a r e 
i n t e r e s t e d t o c o o p e r a t e and s u p p o r t t h e p r o j e c t . I t does n o t seem l i k e l y 
t h a t i n t e r v e n t i o n sys tems w i l l p r o v i d e a s i g n i f i c a n t c o n t r i b u t i o n t o t h i s 
work. 
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Sulph ide o r e bod ies have been d i s c o v e r e d a t s e v e r a l l o c a t i o n s on 
mid-ocean r i d g e s .a t dep ths of t h e o r d e r of 2500m. Dr. T . J . G . F r a n c i s (lOS) 
i s p l a n n i n g t o use t h e French s u b m e r s i b l e Cyana t o l a y o u t conduc t i ng c a b l e s 
t o measure t h e s u b s u r f a c e c o n d u c t i v i t y c h a r a c t e r i s t i c s of t h e o r e b o d i e s , 
and hence to e s t i m a t e t h e i r t h i c k n e s s and volume. T h e r e - a r e no commercial 
p l a n s to mine t h e s e o r e s y e t , b u t r e s e a r c h a c t i v i t y on t h e i r e x t e n t w i l l 
p r o b a b l y c o n t i n u e f o r s e v e r a l y e a r s , and w i l l i n v o l v e t h e use of manned 
s u b m e r s i b l e s . The Preussag mining company has r e c e n t l y s t a r t e d o p e r a t i o n s 
wi th an i n s t r u m e n t e d grab t o sample s u l p h i d e o r e bod ie s (Subtech ' 8 3 ) . 
5 .6 Commercial F i s h e r i e s (6) 
There a r e i n s u f f i c i e n t f i s h s t o c k s t o s u p p o r t commercial f i s h e r i e s 
a t t h e d e p t h s r e l a t i n g t o t h i s s t u d y . 
5 .7 Repa i r and main tenance of s t r u c t u r e s , p i p e l i n e s , e t c . (7) 
The o i l and gas i n d u s t r y i s l i k e l y t o have permanent i n s t a l l a t i o n s 
on t h e sea bed d e e p e r than 1000m by 1990 ( see s e c t i o n 5 . 1 ) . These 
i n s t a l l a t i o n s , c o n s i s t i n g of w e l l - h e a d s , m a n i f o l d s c o n n e c t i n g s e v e r a l 
w e l l s , s e p a r a t o r s , and p o s s i b l y pumps, c o m p r e s s o r s , power s o u r c e s , c o n t r o l 
v a l v e s , and emergency shut-down e q u i p m e n t , e t c . , w i l l , so f a r as p o s s i b l e , 
have t h e u tmos t r e l i a b i l i t y b u i l t i n t o them. The equ ipment w i l l be des igned 
in a modular manner, and ma in tenance w i l l , so f a r a s p o s s i b l e , be conducted 
by remote o p e r a t e d r o b o t s , lowered on w i r e s , and r u n n i n g on p r e - d e s i g n e d 
t r a c k s i n t e g r a l w i th t h e modules . When ma jo r r e p a i r s a r e r e q u i r e d , a whole 
module w i l l be de t ached and r e p l a c e d . Th i s i s a summary of e n v i s a g e d p l a n s , 
based on i n f o r m a t i o n f rom BP, S h e l l , Saipem and C o n s t r u c t o r s , John Brown 
Subsea . 
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However, i t i s a lmos t i n c o n c e i v a b l e t h a t equipment as complex as t h i s 
cou ld be des igned to o p e r a t e p r e d i c t a b l y , l e t a lone f a i l u r e - f r e e , f o r 
20-25 y e a r s , t h e t y p i c a l l i f e of a f i e l d . The a d d i t i o n a l e n g i n e e r i n g 
r e q u i r e d to e n s u r e such r e l i a b i l i t y r e q u i r e s g r e a t l y i n c r e a s e d i n i t i a l 
e x p e n s e , combined wi th ext reme c o n s e r v a t i s m , and t h e u se of on ly t h e most 
w e l l - t r i e d and proven components . Th i s m i l i t a t e s a g a i n s t advanced t echno logy 
in t h e d e s i g n . I t seems i n e v i t a b l e t h a t i n t e r v e n t i o n by ROVs o r manned 
s u b m e r s i b l e s w i l l a t t imes be n e c e s s a r y . I f t h i s i s a c c e p t e d from t h e 
b e g i n n i n g , i t i s p o s s i b l e t h a t modules and m a n i f o l d s can be des igned in 
a more f l e x i b l e way, a l l o w i n g f o r , o r a s suming , e v o l u t i o n in t e c h n o l o g y 
d u r i n g t h e l i f e of a f i e l d . For example , B r i t i s h Underwater Technology 
Group have des igned a s i n g l e - a t m o s p h e r e chamber which i s be ing i n s t a l l e d 
o v e r a gas w e l l - h e a d in Morecambe Bay f o r B r i t i s h Gas, and which w i l l pe rmi t 
e n t r y a t a l a t e r d a t e by ma in tenance e n g i n e e r s . A s i m i l a r d e v i c e was t e s t e d 
some y e a r s ago f o r Mobil by t h e Lockheed company. Such chambers , p e r m i t t i n g 
work t o be c a r r i e d o u t in a " s h i r t - s l e e v e s " e n v i r o n m e n t , cou ld be o p e r a t e d 
well below d i v e r d e p t h , in t h e 1000-2000m r a n g e . E n g i n e e r s would be 
t r a n s p o r t e d to t h e w e l l - h e a d s by a s u b m e r s i b l e o r b e l l , which l o c k s on to 
t h e working chamber. Less complex t a s k s , i n s p e c t i o n , c l e a n i n g , n o n - d e s t r u c t i v e 
t e s t i n g , e t c . , cou ld be c a r r i e d o u t by ROVs. 
Summary 
Major o i l companies w i l l t end t o i n s i s t t h a t t h e y a r e going t o 
"des ign men o u t of t h e system" so f a r a s unde r sea m a i n t e n a n c e , i n s p e c t i o n , 
and r e p a i r a r e c o n c e r n e d . I t i s t h u s e x t r e m e l y d i f f i c u l t t o q u a n t i f y t h e 
r e a l need f o r manned v e h i c l e s . The demand f o r ROVs i s n o t d i s p u t e d . I t 
seems t h a t manned sys tems u s u a l l y w i l l be r e g a r d e d as an emergency " f i r e 
s e r v i c e " , bu t n e v e r t h e l e s s w i l l be demanded, and in some c a s e s w i l l be 
b u i l t i n t o t h e system in advance . In view of t h e c o s t s of l o s t p r o d u c t i o n 
from s h u t t i n g down a w e l l , t h e demand f o r a d e q u a t e sys tems w i l l e n s u r e t h e 
c o n t i n u e d development of ROVs. 
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5 . 8 I n s p e c t i o n and n o n - d e s t r u c t i v e t e s t i n g (8) 
The case f o r c a r r y i n g o u t t h e s e t a s k s a t depth i s s i m i l a r to t h a t 
f o r r e p a i r and main tenance (see 5 , 7 a b o v e ) . I t i s p a r t i c u l a r l y i m p o r t a n t 
t h a t t e c h n i q u e s such as p h o t o g r a p h y , v i d e o , s c r u b b i n g and c l e a n i n g s u r f a c e s , 
i n s p e c t i n g w e l d s , a c o u s t i c and m a g n e t i c t e s t s , e t c . , shou ld be improved f o r 
use wi th ROVs. C lean ing of metal r i g e l e m e n t s by high p r e s s u r e wa te r j e t s 
f rom an ROV i s d e s c r i b e d by P r i o r (1983) . Magnetic p a r t i c l e i n s p e c t i o n i s 
d e s c r i b e d by C o l l i n s . a n d McLeod ( 1 9 8 3 ) . Video i n s p e c t i o n systems may be 
improved f o r o i l f i e l d i n s p e c t i o n by .deve lopmen t of s t e r e o w i d e - a n g l e 
p r e s e n t a t i o n (Joe l C h a r l e s , CERTSM; and B i d d i e s , 1983) . Some of t h e s e 
a c t i v i t i e s r e q u i r e t h a t t h e ROV can be clamped f o r s t e a d i n e s s to t h e s t r u c t u r e 
be ing t e s t e d , and t h a t d e x t r o u s m a n i p u l a t o r s can be o p e r a t e d t o c a r r y o u t 
t h e t e s t s . Some advances have been made in t h i s by commercial ROV o p e r a t o r s . 
N e v e r t h e l e s s , t h e deg ree of c o n t r o l , t h e r e s o l u t i o n of t h e v ideo i n f o r m a t i o n 
t o t h e c o n t r o l c o n s o l e , and t h e f e e d b a c k of i n f o r m a t i o n , p l a c e demands on 
t h e d e s i g n a t t h e v e r y l i m i t s of p r e s e n t t e c h n o l o g y . F u r t h e r development 
i s d e f i n i t e l y needed . 
5 . 9 Sa lvage of s h i p s and ca rgo (9) 
Sh ips c o n t a i n i n g p r e v i o u s n o n - f e r r o u s c a r g o e s such a s t i n , copper or 
g o l d , a r e r o u t i n e l y s a l v a g e d by such c o n t r a c t o r s as S c h m i d t - R i s d o n - B e a s e l y , 
o r M i c o p e r i . The s a l v a g e of gold b a r s f rom t h e wreck o f HMS Edinburgh a t 
a depth of abou t 200m by t h e d i v i n g c o n t r a c t o r Whar ton-Wil l iams has drawn 
d r a m a t i c a t t e n t i o n t o t h e p o s s i b i l i t i e s . Most work of t h i s kind i s a ch i eved 
by u s i n g e x p l o s i v e t o open up t h e h u l l , and t o guide t h e movements of a grab 
lowered from t h e s u p p o r t s h i p . I t i s v e r y unusua l t o u s e d i v e r s o r 
s u b m e r s i b l e s in commercial s a l v a g e of t h i s k i n d . 
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In c o n t r a s t t o p r o f e s s i o n a l commercial s a l v a g e , t r e a s u r e s a l v a g e by 
more amateur groups has been c a r r i e d o u t ve ry s u c c e s s f u l l y f o r gold co in s 
in 1 7 t h - 1 8 t h Century w r e c k s , employing teams of compressed a i r d i v e r s . 
There i s no r eason t o suppose t h a t a l l s h i p s of t h i s p e r i o d sank in sha l low 
w a t e r , and so t h e r e may be a c o n s i d e r a b l e t a r g e t of a s i m i l a r n a t u r e in deep 
w a t e r . At tempts a t s a l v a g e a r e c o m p l i c a t e d by a n t i q u i t i e s l e g i s l a t i o n in 
many c o u n t r i e s , and t h e r e s t r i c t i o n s of t h e Law of t h e Sea , Third Convent ion . 
S ince modern wrecks can be l o c a t e d r e l a t i v e l y e a s i l y u s i n g magnetometers 
and s i d e - s c a n s o n a r , t he use of ROVs t o improve i n s p e c t i o n would be l o g i c a l . 
The s u p e r v i s i o n of t h e s a l v a g e p r o c e s s cou ld a l s o be c a r r i e d o u t more s a f e l y , 
and p robab ly more c h e a p l y , u s i n g an ROV, r a t h e r than a manned chamber, 
e s p e c i a l l y a t dep ths g r e a t e r than 1000m. 
5 .10 Sa lvage of c r a shed a i r c r a f t (10) 
The French Navy r e c e n t l y s a l v a g e d a c r a s h e d m i l i t a r y h e l i c o p t e r from a 
depth of 2300m us ing a combina t ion of t h e Cyana s u b m e r s i b l e , and l i f t i n g gea r 
f rom a c a b l e l a y i n g s h i p . ( I n f o r m a t i o n f rom GISMER, T o u l o n ) . P a s t deep 
w a t e r o p e r a t i o n s i n c l u d e the s a l v a g e of a US Navy Tomcat c a r r i e r - b o r n e 
f i g h t e r a i r c r a f t which was l o s t in a dep th of t h e o r d e r of 500m n e a r t h e 
She t l and I s l a n d s . In t h a t ca se t h e US Navy b rough t a s u b m e r s i b l e f rom t h e 
USA to conduc t t h e i n i t i a l s e a r c h . These o p e r a t i o n s a r e r e l a t i v e l y r a r e , 
bu t t h e r e i s a very g r e a t i n c e n t i v e t o a c h i e v e s u c c e s s , e s p e c i a l l y when a 
p r o t o t y p e o r m i l i t a r y a i r c r a f t i s i n v o l v e d . In 1982 t h e Scorpi v e h i c l e was 
used t o r e c o v e r a c l a s s i f i e d m i l i t a r y package from 1384m (Wat t , SubSea 
I n t e r n a t i o n a l ) . The r e c e n t l o s s of t h e South Korean Boeing 747 a i r l i n e in 
Sea of Okhotsk r e s u l t e d in t h e US and S o v i e t Union both d e p l o y i n g manned 
s u b m e r s i b l e s in an endeavour t o r e t r i e v e t h e f l i g h t r e c o r d e r . 
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5.11 Deployment and r e c o v e r y o f i n s t r u m e n t s (11) 
Many r e s e a r c h p r o j e c t s ( see s e c t i o n s 5 . 1 6 , 5 . 1 7 , 5 . 1 8 , 5 . 1 9 ) r e q u i r e 
i n s t r u m e n t s to be i n s t a l l e d in p r e c i s e l o c a t i o n s , o r i n a planned a r r a y . 
I n s t r u m e n t s wi th a long e f f e c t i v e l i f e in s i t u , may be unab le to s t o r e o r 
r e c o r d d a t a c o n t i n u o u s l y o r b a t t e r y l i f e may be l i m i t e d . For a l l t h e s e 
r e a s o n s , ROVs o r manned s u b m e r s i b l e s , cou ld be e f f i c i e n t l y used in t h e i n i t i a l 
deployment of i n s t r u m e n t s in t h e deep o c e a n , in m a i n t e n a n c e , d a t a r e c o v e r y , 
and b a t t e r y c h a r g i n g of such i n s t r u m e n t s , and p o s s i b l y i n t h e i r r e c o v e r y . 
A p a r t i c u l a r need would be f o r an ROV o r manned s u b m e r s i b l e to be a v a i l a b l e 
t o r e l e a s e i n s t r u m e n t moorings and autonomous l a n d e r s which had f a i l e d to 
s u r f a c e on a c o u s t i c command (see s e c t i o n 5 . 1 8 ) . 
5 .12 R a d i o a c t i v e was te d i s p o s a l (12) 
The d i s p o s a l of high l eve l r a d i o a c t i v e was te benea th t h e sed iments of 
t h e deep ocean f l o o r i s be ing i n v e s t i g a t e d by i n t e r n a t i o n a l commit tees 
i n c l u d i n g both European and American a g e n c i e s . The p r e l i m i n a r y r e s e a r c h 
c o n s i s t s of fundamenta l c h e m i s t r y , g e o l o g y , and b i o l o g y , and w i l l be 
d i s c u s s e d below. Var ious schemes have been proposed f o r t h e a c t u a l d i s p o s a l 
of c a n n i s t e r s of r a d i o a c t i v e was t e w i t h i n t h e deep ocean s e d i m e n t s . These 
i n v o l v e t h e lower ing of c a n n i s t e r s unde r c o n t r o l i n t o b o r e h o l e s , o r t h e 
d ropp ing of c a n n i s t e r s us ing f r e e f a l l p r o j e c t i l e s . The c a n n i s t e r s , 
weighing s e v e r a l t o n s , have to be t r a n s p o r t e d t o the dump s i t e , and 
t r a n s f e r r e d f rom t h e t r a n s p o r t i n g v e s s e l t o a pe rmanen t ly s t a t i o n e d 
dumping v e s s e l . At a l l s t a g e s t h e r e i s a f i n i t e , but v e r y s m a l l , chance 
t h a t a c a n n i s t e r may be dropped a t t h e wrong t i m e , o r i n t h e wrong p l a c e , 
o r t h a t i t w i l l b r e a k . A d d i t i o n a l l y , a f t e r c a n n i s t e r s a r e emplaced benea th 
t h e s e d i m e n t s , m o n i t o r i n g may r e v e a l anomalous ly high c o n c e n t r a t i o n s of 
r a d i o - a c t i v i t y , s u g g e s t i n g t h a t a c a n n i s t e r i s l e a k i n g . The Lockheed Deep 
Quest s u b m e r s i b l e , wi th a maximum o p e r a t i n g dep th of 2460m, has been used 
t o check t h e dump s i t e s of r a d i o a c t i v e w a s t e used by US a u t h o r i t i e s . This 
i s presumably no t high l e v e l w a s t e . C a n n i s t e r s have been found dumped 
en r o u t e t o t h e schedu led dump s i t e (Subtech ' 8 3 , o r a l s t a t e m e n t ) . 
Although t h e a c c i d e n t s s u g g e s t e d above a r e of low p r o b a b i l i t y , i t 
would be d i f f i c u l t t o demons t r a t e t h e i r t o t a l i m p o s s i b i l i t y . In o r d e r 
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t o d e m o n s t r a t e t h a t a l l p o s s i b l e c i r c u m s t a n c e s had been a n t i c i p a t e d , i t 
would be n e c e s s a r y f o r any o r g a n i s a t i o n p l a n n i n g t o conduc t c o n t r o l l e d 
dumping of h igh l e v e l r a d i o a c t i v e w a s t e t o show t h a t i t cou ld deal with 
such a c c i d e n t s . ROVs and manned s u b m e r s i b l e s would p r o b a b l y both be needed. 
N a v i g a t i o n would be of prime i m p o r t a n c e ; t h e c a n n i s t e r o r i n d i v i d u a l dump 
s i t e would have t o be l o c a t e d ; and then e i t h e r t h e damaged o r broken 
m a t e r i a l s l i f t e d f rom t h e sea bed , o r t h e s ed imen t ove rburden dredged 
o u t t o p e r m i t r e c o v e r y of t h e b u r i e d c a n n i s t e r . In view of t h e p o l i t i c a l 
s e n s i t i v i t y , no c o s t would be s p a r e d in such a s a l v a g e e f f o r t . 
No d e c i s i o n has been taken r e g a r d i n g t h e f e a s i b i l i t y of dumping 
high l e v e l r a d i o a c t i v e was te benea th t h e s e a b e d . N e v e r t h e l e s s , i f such a 
d e c i s i o n were p o s i t i v e , t h e c a p a c i t y f o r p ro longed i n t e r v e n t i o n and work 
on t h e deep ocean f l o o r must be a p r e - r e q u i s i t e f o r s a f e dumping. This 
would i n c l u d e m o n i t o r i n g t h e i m p l a n t a t i o n of t h e w a s t e , t h e e f f e c t i v e n e s s 
of b a c k f i l l i n g , t h e l e v e l of r a d i o n u c l e i d e d i s p e r s i o n and t h e des ign of 
p r o c e d u r e s t o cope wi th e m e r g e n c i e s . Due t o t h e l i k e l y dep ths of such 
a c t i v i t i e s , 5000-6000m, the use of ROVs and manned and unmanned f r e e -
swimming v e h i c l e s would be i m p o r t a n t . 
5 . 1 3 Torpedo r e c o v e r y (13) 
No d e t a i l e d su rvey of naval needs has been c o n d u c t e d . The l o s s of 
t o r p e d o e s in deep w a t e r , t h a t i s d e e p e r than 100m o r s o , i s no t common. 
However, i f one i n c l u d e s o t h e r m i l i t a r y m a t e r i a l , m u n i t i o n s , r o c k e t p a r t s , 
e t c . , t h e r e q u i r e m e n t may be g r e a t e r . The Royal Navy has deve loped i t s own 
ROV des ign f o r t o r p e d o r e c o v e r y on r anges o f f t h e B r i t i s h I s l e s , and has 
r e c e n t l y purchased a S c o r p i o ROV c a p a b l e of working a t 1000m. The Royal 
Navy has a l s o c h a r t e r e d commercial d i v i n g and s a l v a g e v e s s e l s t o h e l p 
r e c o v e r equipment l o s t a t sea d u r i n g t h e F a l k l a n d s campaign . The 
Royal Norwegian Navy has c h a r t e r e d c i v i l i a n ROVs f o r t o r p e d o r e c o v e r y in 
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100m. In t h e e v e n t of l o s s of equipment in deepe r w a t e r , i t i s p o s s i b l e t h a t 
any European navy would wish t o c h a r t e r c i v i l i a n deep ocean i n t e r v e n t i o n 
equ ipment . 
5 . 1 4 Mine sweeping and removal (14) 
The US Navy has t e s t e d ROVs f o r mine d e s t r u c t i o n , and has r e c e n t l y 
o r d e r e d ove r 100 ROVs f o r t h i s p u r p o s e . A d e m o l i t i o n cha rge i s p l aced nex t 
to t h e mine, and d e t o n a t e d r e m o t e l y . Presumably most mines a r e deployed in 
w a t e r s h a l l o w e r than 100m. A n t i - s u b m a r i n e mines , n u c l e a r d e v i c e s , o r mines 
which a r e moored and l a t e r f l o a t t o t h e s u r f a c e , may be p l a c e d in deep 
w a t e r , and t h e s e cou ld be d e t e c t e d and d e s t r o y e d by deep w a t e r ROVs, o r 
u n t e t h e r e d ROVs. Thus, in p r i n c i p l e , e x p e r i e n c e deve loped in t h e c i v i l i a n 
s e c t o r could be of va lue t o European n a v i e s . 
5 . 1 5 Submarine r e s c u e (15) 
The US Navy has deve loped two Deep Sea Rescue V e h i c l e s (Myst ic and 
Avalon) which were launched in 1970/71 . T h e i r o p e r a t i n g depth i s 1524m. 
The v e h i c l e s a r e a i r - t r a n s p o r t a b l e , and working t r i a l s have been conducted 
wi th t h e US Navy, as wel l as wi th t h e B r i t i s h , F r e n c h , and I t a l i a n Navies 
in Europe . T r i a l s have a l s o been conduc ted o f f S c o t l a n d in which commercial 
d i v e r l o c k - o u t s u b m e r s i b l e s were s u c c e s s f u l l y used t o e v a c u a t e submar ine r s 
from a m i l i t a r y submar ine . The French Navy (GERS) in fo rmed us t h a t they 
on ly have sys tems which could d ive down t o a c r a shed submar ine and a t t a c h 
a b r e a t h i n g a i r l i n e . They could n o t e v a c u a t e t h e crew. The B r i t i s h Navy 
has deve loped an i n - w a t e r b r e a t h i n g sys t em which a l l o w s s u b m a r i n e r s t o 
e s c a p e i n d i v i d u a l l y from submar ines t o a depth of abou t 300m, bu t no 
d e e p e r . 
Kockums Varv in Sweden have c o n s t r u c t e d and t e s t e d a r e s c u e 
submar ine f o r t h e Royal Swedish Navy which can be towed submerged t o t h e 
r e s c u e s i t e , and which then locks on t o t h e c r a s h e d s u b m a r i n e , and e v a c u a t e s 
- 29 
t h e crew. S ince t h e maximum depth of o p e r a t i o n i s w i t h i n the B a l t i c , t he 
depth l i m i t i s on ly 460m. The w e i g h t of t h e v e h i c l e i s 50 tons in a i r , 
and can c a r r y 20-35 peop le in an emergency. 
The d e e p e s t submar ine r e s c u e on r e c o r d i s t he r e s c u e of t h e P i s c e s 
v e h i c l e which sank in t h e s o u t h e r n I r i s h Sea in a depth of 500m in about 
1974. Rescue was ach i eved by u s ing t h e American CURV ROV, backed up by 
f u r t h e r P i s c e s s u b m e r s i b l e s . The r e s c u e ROVs and s u b m e r s i b l e s were a i r -
t r a n s p o r t e d t o I r e l a n d . The f i r s t l i n e was a t t a c h e d by t h e ROV, and the 
damaged v e h i c l e was e v e n t u a l l y hau l ed t o t h e s u r f a c e . The r e scue o p e r a t i o n 
took abou t t h r e e d a y s , and was comple ted w i t h i n a few hours of e x h a u s t i o n 
of t h e on-board l i f e s u p p o r t . The crew of two s u r v i v e d . 
E x i s t i n g r e s c u e sys tems seem s u f f i c i e n t t o cope wi th c r a shed 
submar ines down t o dep ths of 1524m, though in emergency t h e s e r v i c e s of 
a d d i t i o n a l c i v i l i a n s u b m e r s i b l e s o r ROVs might be c a l l e d upon. The l i m i t i n g 
depth a t which r e s c u e would be r e q u i r e d depends on t h e c o l l a p s e depth of t h e 
h u l l s of t h e m i l i t a r y submar ines which a r e in o p e r a t i o n . I f a f u t u r e 
g e n e r a t i o n of m i l i t a r y h u n t e r - k i l l e r o r m i s s i l e - l a u n c h i n g submarine had 
a c o l l a p s e depth d e e p e r than 1524m, t h e r e would be no p o s s i b i l i t y of 
r e s c u i n g t h e crew i f , in t he e v e n t of a c c i d e n t , i t grounded on t h e sea 
bed i n a depth of 2000m. In the European c o n t e x t i t migh t be p r e f e r a b l e 
t o a d a p t c i v i l i a n s u b m e r s i b l e s f o r r e s c u e , r a t h e r than t o deve lop a s e p a r a t e 
m i l i t a r y c a p a b i l i t y , o r t o r e l y upon t h e USA. 
5 .16 B i o l o g i c a l r e s e a r c h (16) 
I n t e r v i e w s were conducted wi th Dr. Mar t in Angel ( l O S ) ; 
Dr. Myriam S i b u e t (COB); P r o f e s s o r Torben Wol f , Denmark; Dr. Hja lmar Thie l 
and Dr. Olaf P f annkuche , Hamburg. 
The impor tance of knowledge of t h e b i o l o g y of t h e deep oceans i s 
very g r e a t , b u t i t i s on ly s t u d i e d a t a few l a b o r a t o r i e s in Europe because 
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Of t h e h igh c o s t . We i n t e r v i e w e d b i o l o g i s t s f rom lOS ( B r i t a i n ) , COB (France) 
and t h e U n i v e r s i t y of Hamburg (Germany). B e n t h i c ocean b i o l o g i c a l p r o c e s s e s 
have r e c e n t l y been found t o be much more c l o s e l y c o n n e c t e d t o ocean s u r f a c e 
b i o l o g y than e x p e c t e d , and t o be more complex and dynamic than a n t i c i p a t e d . 
This i s r e l e v a n t t o any kind of deep ocean was t e d i s p o s a l , t o unde r s t and ing 
bot tom w a t e r c i r c u l a t i o n , t o s t u d i e s of p a l a e o c l i m a t i c d a t a based on ocean ic 
f o s s i l s , and i n d i r e c t l y t o c l i m a t e r e s e a r c h . 
At p r e s e n t t h e r e a r e no t ime s e r i e s of r e p e a t e d o b s e r v a t i o n s a t 
p r e c i s e and r e p e a t a b l e l o c a t i o n s f o r t h e deep ocean . Yet r e c e n t r e s e a r c h 
shows t h a t the b e n t h i c b i o l o g y i s e x t r e m e l y v a r i a b l e b o t h in t ime and s p a c e . 
The p r o c e s s e s can only be unde r s tood by p r e c i s e s a m p l i n g , s t r a t e g i c 
e x p e r i m e n t s , and long t ime s e r i e s of a c c u r a t e d a t a . Key i s s u e s a r e t h e 
r a t e of supp ly of food from mid -wa te r t o t h e ocean f l o o r ; t h e sequence 
of e v e n t s which f o l l o w s a mass ive food f a l l a t one p o i n t ; bot tom food 
cha in sequences and p r e d a t i o n ; and t h e r e c i r c u l a t i o n o f o r g a n i c m a t e r i a l s 
a f t e r f e e d i n g . The p h y s i o l o g i c a l p r o c e s s e s of t h e b e n t h i c l a y e r a r e an 
e s s e n t i a l p a r t of t h e t o t a l c i r c u l a t i o n of c h e m i c a l s and n u t r i e n t s t h r o u g h o u t 
t h e o c e a n . Time and space v a r i a b i l i t y need t o be s t u d i e d on s c a l e s of hours 
t o y e a r s , and from me t re s t o k i l o m e t r e s . 
Photography on ly g ive s d a t a on t h e e p i f a u n a and bur rowing f a u n a . 
To o b t a i n d a t a on the r a t e s of p r o c e s s e s and f l u x e s o f p a r t i c l e s t o t h e sea 
bo t tom, COB have deployed f r e e - f a l l a c o u s t i c a l l y c o n t r o l l e d sed imen t t r a p s . 
The n e x t s t e p would be t o moor mid -wa te r t r a p s which open and c l o s e over 
p e r i o d s of s e v e r a l months , t o t r y and c o r r e l a t e t h e s u p p l y of o r g a n i c 
m a t e r i a l s f rom top t o bot tom of t h e w a t e r column. 
I t i s i m p o r t a n t t o measure t h e r a t e o f use of o r g a n i c m a t e r i a l by 
the f auna in s i t u . This w i l l i n v o l v e measur ing t h e r a t e s of growth of 
sea bed s p e c i e s , r e s p i r a t i o n , p h y s i o l o g i c a l p r o c e s s e s , and r e p r o d u c t i o n . 
These e x p e r i m e n t s w i l l r e q u i r e t h e measurement of oxygen consumpt ion and 
p r o d u c t i o n in s i t u , which i s a t p r e s e n t no t p o s s i b l e . Work i s i n p r o g r e s s 
on t h e development of s u i t a b l e oxygen s e n s o r s . 
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I t would be e x t r e m e l y v a l u a b l e t o t a g m e c h a n i c a l l y i n d i v i d u a l 
specimens and s tudy m i g r a t i o n s and n a v i g a t i o n methods of s p e c i e s . 
O b s e r v a t i o n s t o d a t e from manned s u b m e r s i b l e s have r e v e a l e d only a d u l t 
spec imens . The appea rance and abundance of j u v e n i l e specimens i s s t i l l 
a m y s t e r y . Deep sea fauna p r o b a b l y have swimming l a r v a e , and b i o l o g i s t s 
do n o t know what t h e i r range of movement o r m i g r a t i o n i s , v e r t i c a l l y or 
h o r i z o n t a l l y . These f a c t o r s would i n f l u e n c e t h e t r a n s f e r of p o l l u t a n t s 
upwards i n t o t h e w a t e r column. 
The U n i v e r s i t y of Hamburg have used a b e n t h i c p h o t o g r a p h i c 
towed s l e d g e o p e r a t i n g a t 5000m d e p t h . The s l e d g e was e x t r e m e l y s t r o n g 
and s t a b l e , and was used f o r towing th rough a r e a s where b a r r e l s of n u c l e a r 
was te had been dumped. The camera h e l d 60m of f i l m , and t h e r e p e a t t ime 
wi th f l a s h was 2 . 5 s e c o n d s . Dr. Th ie l e x p r e s s e d an i n t e r e s t in us ing a 
deep s u b m e r s i b l e (3000m) f o r o b s e r v a t i o n of b e n t h i c s p e c i e s f o r deve lop ing 
e x p e r i m e n t s t o examine p r o c e s s e s and p r o d u c t i v i t y for t h e measurement of 
w a t e r p r o p e r t i e s in t h e b e n t h i c l a y e r , and s t e e r i n g cameras and v ideo t o 
obse rve i n d i v i d u a l spec imens . Dr. Th ie l and Dr. P fannkuche sugges t ed t h a t 
a s e n s i b l e t i m e s c a l e would be t o p lan a b i o l o g i s t s ' workshop c o n f e r e n c e on 
b e n t h i c deep ocean p r o c e s s e s in 1984, w i th a view t o m a j o r sea bed 
e x p e r i m e n t s b e i n g conducted in t h e p e r i o d 1985-89. T h i s could be 
a c h i e v e d wi th European c o o p e r a t i o n , i n v o l v i n g e s p e c i a l l y UK, Germany, 
F r a n c e , Denmark, N e t h e r l a n d s , and Sweden. 
I t was s u g g e s t e d t h a t t h e measurement of s e a s o n a l v a r i a t i o n s in 
t h e deep ocean r e q u i r e d c r u i s e s e v e r y few months f o r s e v e r a l y e a r s , and 
t h a t no s i n g l e n a t i o n could a f f o r d t o do t h i s . A European programme could 
a c h i e v e t h i s . An e s s e n t i a l p o i n t i s t o e n s u r e t h a t each expe r imen t i s 
r e a l l y t h o r o u g h l y des igned so t h a t t h e s c i e n t i f i c r e s u l t s f u l l y j u s t i f y 
the e x p e n s e . 
The f o l l o w i n g l i s t p r o v i d e s an i l l u s t r a t i o n o f t h e type of t a s k s 
which b i o l o g i s t s wish t o c a r r y o u t a t dep ths of 2000-6000m 
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In s i t u b e n t h i c sampl ing 
In s i t u b e n t h i c r e s p i r o m e t e r e x p e r i m e n t s 
B i o l o g i c a l sampl ing on s t e e p topography 
Observing f i s h i n s i d e canyons 
Observing bottom f i s h in mid-ocean r i f t v a l l e y s 
Study of small s c a l e p h y s i c a l oceanography n e a r rugged 
t o p o g r a p h y , and i t s e f f e c t on t h e b i o l o g y 
Biology of t h e canyons of t h e s o u t h west a p p r o a c h e s t o Europe 
Biology of s t e e p s e d i m e n t a r y s l o p e s 
P r e d a t i o n and v e r t i c a l m i g r a t i o n o f bot tom f a u n a 
Visual r e c o r d i n g of deep ocean animal b e h a v i o u r 
S e t t i n g up bottom b i o l o g i c a l m o n i t o r i n g s t a t i o n s 
E s t a b l i s h i n g a s u i t e of i n s i t u bot tom e x p e r i m e n t s 
R e p e a t a b l e l i n e - t r a n s e c t sampl ing 
Bu i ld ing up r e p e a t a b l e t ime s e r i e s i n t h e deep ocean 
Study of mosaic p a t t e r n v a r i a b i l i t y on t h e deep ocean f l o o r 
A n a l y s i s of b e n t h i c f a u n a l communi t ies and s h a l l o w c o r e s in 
o r d e r t o d e t e c t c l i m a t i c change 
Measurement o f b e n t h i c sed imen t column b i o l o g i c a l oxygen demand 
M u l t i p l e bot tom probes to i d e n t i f y small s c a l e v a r i a b i l i t y 
V a r i a b l e bottom sampl ing r a t e s t o i d e n t i f y t i d a l , d i u r n a l , 
and s e a s o n a l c y c l e s 
Study of f i s h d e b r i s in annox ic ocean b a s i n s 
Study of p o t e n t i a l n u t r i e n t s and f e r t i l i t y o f deep ocean 
w a t e r masses 
In s i t u p h y s i o l o g i c a l s t u d i e s 
R e l a t i o n s h i p between high p r e s s u r e p h y s i o l o g y and a n a e s t h e t i c s 
Study of r a t e s of c o l o n i s a t i o n of c l e a r e d p a t c h e s 
Study of s p r e a d i n g of n u t r i e n t s a f t e r a f o o d f a l l 
Study of t r a n s p o r t p a t h s of p o l l u t a n t s 
Systems used by deep ocean b i o l o g i s t s in Europe t o d a t e i n c l u d e : -
( a ) Bottom l a n d i n g s t a t i c sys tems f o r ex t ended t i m e - l a p s e photography 
"Bathysnap" a t lOS, and a s i m i l a r i n s t r u m e n t a t COB. 
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(b) Towed unmanned remote c o n t r o l l e d t r a w l s and bot tom s l e d g e s equipped 
wi th cameras and v ideo (lOS, COB and Hamburg) 
(c ) Manned u n t e t h e r e d s u b m e r s i b l e s (COB, u s i n g Cyana) . Hans F r i c k e , 
Max-Planck I n s t i t u t , has used e x t r e m e l y cheap s u b m e r s i b l e s f o r 
b i o l o g i c a l o b s e r v a t i o n down t o 200-300m. 
Bottom l a n d i n g s t a t i c equipment cou ld be much more s o p h i s t i c a t e d than 
a t p r e s e n t , w i th a r r a y s of t r a p s , r e c o r d i n g sys tems t r i g g e r e d by s p e c i f i c 
e v e n t s , e t c . Closed loop v ideo cou ld be used t o r e c o g n i s e e v e n t s and t r i g g e r 
f i l m cameras . S t a t i c i n s t r u m e n t s cou ld r e c o r d t h e e v e n t s a f t e r dumping a 
l a r g e food f a l l , such as a dead s h a r k , r e c o r d i n g c h e m i c a l , b a c t e r i a l , 
s e d i m e n t a r y and b i o l o g i c a l d a t a . The sp r ead of o r g a n i c m a t e r i a l s through 
t h e sea bed, in t h e f a u n a , and as s o l u t e s in a plume i n t h e wa te r could a l l 
be moni to red ove r months , o r even y e a r s . 
Remote Opera ted Vehic le (ROV) wi th a bottom c a g e o r garage could be 
used t o obse rve i n d i v i d u a l a n i m a l s , s e t up e x p e r i m e n t s and mon i to r and s e r v i c e 
them. 
Towed unmanned s y s t e m s , a l r e a d y e x t e n s i v e l y u s e d , and i n d i v i d u a l 
l a b o r a t o r i e s can cope wi th e v o l u t i o n a r y improvements . 
Manned s u b m e r s i b l e s - t h e b i o l o g i s t s a g r e e d t h a t manned s u b m e r s i b l e s 
would be i n c r e a s i n g l y i m p o r t a n t in deep ocean work, b u t needed t o be equipped 
wi th b e t t e r n a v i g a t i o n , b e t t e r pay load and more s o p h i s t i c a t e d sampl ing and 
e x p e r i m e n t a l equipment than h i t h e r t o . A s u b m e r s i b l e f o r b e n t h i c b i o l o g y must 
be a b l e t o move up and down th rough t h e bottom l a y e r o f 500-1000m t h i c k n e s s 
in o r d e r t o mon i to r m i g r a t i o n . Exper iments u s i n g t r a p s , d y e - m a r k e r s , t a g s , 
e t c . , a r e e n v i s a g e d . P h y s i o l o g i c a l s t u d i e s of oxygen consumpt ion and 
g e n e r a t i o n and r e p e a t e d t r a n s e c t l i n e s would be u n d e r t a k e n . A wide a n g l e 
f i e l d of view, p r e f e r a b l y 180° , i s v e r y i m p o r t a n t t o b i o l o g i c a l o b s e r v e r s . 
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There i s a c l o s e l y c o r r e s p o n d i n g group of deep ocean b i o l o g i s t s in 
Europe , and t h e i r key r e p r e s e n t a t i v e s have e x p r e s s e d a s t r o n g i n t e r e s t in 
be ing kep t in formed of t h e p r o g r e s s of t h e p r e s e n t s t u d y (Dr. A. Rice ; 
Dr. Hjalmar T h i e l ) . They would be p r e p a r e d t o form an a d v i s o r y group to 
i d e n t i f y t h e pe r fo rmance r e q u i r e m e n t s f o r b e n t h i c b i o l o g i c a l sy s t ems , and 
t o mon i to r r e s e a r c h a p p l i c a t i o n s . 
5 .17 Geophysical and g e o l o g i c a l r e s e a r c h (17) 
In t h i s f i e l d i n t e r v i e w s were conduc ted wi th Dr. Abedik and Dr. Needham 
of COB, and Dr. F r a n c i s and Dr. S e a r l e of lOS. Other I n f o r m a t i o n was gained 
d u r i n g d i s c u s s i o n s on i n s t r u m e n t a t i o n and equ ipmen t , p a r t i c u l a r l y a t BOM Toulon . 
All i n f o r m a n t s agreed t h a t t h e r e were many a p p l i c a t i o n s f o r deep ocean 
i n t e r v e n t i o n s y s t e m s , and t h e f o l l o w i n g summary l i s t o f e x p e r i m e n t s and t o p i c s 
was i d e n t i f i e d : -
S t r a t i g r a p h i c r e s e a r c h 
Canyon and rock wall sampl ing 
Sediment sampl ing 
Hydrothermal v e n t s t u d i e s 
R e s i s t i v i t y ' s t u d i e s 
In s i t u p e r m e a b i l i t y s t u d i e s 
Geo techn ica l s h e a r wave p r o p a g a t i o n 
Ground t r u t h f o r GLORIA (lOS long r ange s i d e - s c a n s o n a r ) 
R a d i o a c t i v e was t e d i s p o s a l t r i a l s and m o n i t o r i n g 
S t u d i e s of deep sea s u l p h i d e s 
Manganese nodu le s t u d i e s 
Ocean bottom se ismograph a r r a y s • 
Geode t i c s u r v e y i n g between p l a t e b o u n d a r i e s 
Bench mark emplacements 
Ocean f l o o r g r a v i t y measurements 
Re -en t ry of DSDP and IPOD bore h o l e s f o r i n s t r u m e n t i m p l a n t a t i o n 
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I n s t a l l a t i o n of ocean bot tom t i l t me te r s and s t r a i n gauges 
Real t ime t r a n s m i s s i o n of s e i s m i c d a t a from t h e ocean f l o o r 
t o t h e s u r f a c e 
The equipment a l r e a d y used in deep ocean g e o p h y s i c s and geology 
i s advanced , p a r t l y because of t h e t e c h n i c a l s u p p o r t r e c e i v e d from r e s e a r c h 
i n s t i t u t e s and t h e m i l i t a r y , bu t more r e c e n t l y due t o a s s o c i a t i o n with o i l 
p r o s p e c t i n g i n t e r e s t s and the s u b j e c t ' s impor t ance in r a d i o a c t i v e waste 
d i s p o s a l s t u d i e s . The dependence of deep ocean g e o p h y s i c a l r e s e a r c h on t h e 
d i f f e r e n t c l a s s e s of v e h i c l e sys tem w i l l be d e s c r i b e d . 
Bottom l a n d i n g s t a t i c sys tems 
These i n c l u d e a v a r i e t y o f autonomous r e c o r d i n g se i smographs and 
some g e o t e c h n i c a l i n s t r u m e n t s . La rge r p r o j e c t s i n c l u d e ISHTE, a US j o i n t 
i n s t i t u t e e x p e r i m e n t t o bury a r a d i o n u c l e i d e h e a t s o u r c e and measure t h e 
h e a t f low f i e l d in t h e s u r r o u n d i n g s e d i m e n t s . Also t h e proposed MANOR 
l a n d e r which c o n s i s t s of a c e n t r a l package which t r a n s f e r s manganese 
nodu le s and o t h e r geochemical samples t o a u t o m a t i c a n a l y t i c a l equipment 
and s t o r e s t he chemical i n f o r m a t i o n d i g i t a l l y . lOS h a s conducted 
e x p e r i m e n t s wi th f r e e - f a l l p e n e t r a t o r s which would b u r y themse lves in 
t h e sed imen t s and could t r a n s m i t s u b s u r f a c e g e o t e c h n i c a l and o t h e r da t a 
a c o u s t i c a l l y d i r e c t t o t h e sea s u r f a c e . 
Cable lowered bottom l a n d e r s 
This approach i s n o t much used in geophys i c s f o r i n s t r u m e n t 
deployment . Apar t f rom t h e impor tance of c o r i n g , which t e n d s t o be in a 
c l a s s of i t s ov/n, t h e main examples a r e f o r h e a t f l o w measurement and in 
c e r t a i n g e o t e c h n i c a l i n v e s t i g a t i o n s . 
Remote o p e r a t e d v e h i c l e s (ROV) 
The development of n o n - m i l i t a r y ROVs c a p a b l e o f o p e r a t i n g below 
1000m has j u s t begun , and we have no r e c o r d o f t h e i r b e i n g used in 
geophys i ca l r e s e a r c h . 
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Bottom t r a c k e d v e h i c l e s 
Apar t from t h e RUM v e h i c l e used in t h e e a r l y ' 6 0 s t h e r e i s no r e c o r d 
of bot tom t r a c k e d v e h i c l e s be ing used in deep ocean g e o p h y s i c s . 
Free-swimming ROV (UROV) 
The on ly UROV t o d a t e d e s i g n e d f o r g e o p h y s i c a l o r g e o l o g i c a l 
r e s e a r c h i s Epaulard des igned by CNEXO a t Toulon. Th i s i s a v e h i c l e which 
c a r r i e s a drag cha in f o r a l t i t u d e c o n t r o l and can f o l l o w a t e l e m e t e r e d 
cou r se f o r p h o t o g r a p h i c s u r v e y i n g on abys sa l p l a i n s , p r i m a r i l y f o r manganese 
nodule r e s e a r c h . I t i s no t a b l e t o ma in t a in good t e r r a i n - f o l l o w i n g in . 
rugged topography . Grid t r a c k s can be run a t a s p a c i n g o f 200-300m, much 
c l o s e r than i s p o s s i b l e wi th s u r f a c e towed i n s t r u m e n t s . Nav iga t ion i s a t 
p r e s e n t v i a a s u r f a c e a c o u s t i c l i n k , bu t a t o t a l l y a u t o m a t i c on-board 
p o s i t i o n f i x i n g sys tem i s under deve lopment , u s i n g l o n g b a s e - l i n e geometry . 
Towed unmanned sys tems 
This i s one of t h e s t a n d a r d g e o p h y s i c a l r e s e a r c h methods f o r 
a c o u s t i c imag ing , and s e i s m i c and magne t ic s t u d i e s . New sys tems a re be ing 
deve loped a t t he p r e s e n t t ime in t h e UK, USA and F r a n c e which a r e des igned 
t o tow v e h i c l e s c a r r y i n g s i d e - s c a n s o n a r and h igh r e s o l u t i o n r e f l e c t i o n 
s e i s m i c gea r c l o s e t o t h e ocean f l o o r . Systems in e x i s t e n c e i n c l u d e 
Deep Tow and Seamarc 1 and 2 in t h e USA. 
Manned s u b m e r s i b l e s 
The s u b m e r s i b l e s A l v i n , Cyana, and t h e s u b m a r i n e NR-1 have a l l been 
used f o r g e o l o g i c a l and geophys i ca l r e s e a r c h a t d e p t h s g r e a t e r than 1000m 
over t h e l a s t decade . The s u b m e r s i b l e s a r e l i m i t e d t o d i v e s of 8-12 hours 
d u r a t i o n , and t h e i r pe r fo rmance i s f u r t h e r a f f e c t e d by low payload and t h e 
l i m i t e d r e - c y c l e d buoyancy a v a i l a b l e . The p r i n c i p a l a r e a of o p e r a t i o n of 
manned s u b m e r s i b l e s a t p r e s e n t i s in rugged t e r r a i n where t h e r e a r e rock 
e x p o s u r e s and v e r t i c a l o r n e a r - v e r t i c a l s u r f a c e s . These p r o v i d e an 
exposu re of v a r i e d rock t y p e s , which can be sampled in a l o g i c a l way 
r e v e a l i n g s t r a t i g r a p h y . S ince t h i s i s such an i m p o r t a n t a p p l i c a t i o n of 
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t h e manned s u b m e r s i b l e , a d e q u a t e l y powered rock s amp l ing equipment i s 
e s s e n t i a l . This i s w i t h i n t h e s t a t e of t h e a r t , bu t some submers ib l e s a r e 
e x c e s s i v e l y l i m i t e d by power r e q u i r e m e n t s . The French submers ib l e under 
c o n s t r u c t i o n , SM97, w i l l be l a r g e r than Alvin and Cyan a , and should have 
more e f f i c i e n t sampl ing and c o r i n g equ ipmen t . The NR-1 has endurance of 
10 days under w a t e r and i s n u c l e a r powered. 
Towed o r suspended manned sys tems 
These have no t been used f o r g e o p h y s i c a l o r g e o l o g i c a l r e s e a r c h 
below 1000m. 
Summary of f u t u r e needs 
We b e l i e v e t h a t t h e r e w i l l c o n t i n u e t o be r e s e a r c h - l e d developments 
in t h e f i e l d of bot tom l a n d i n g and towed sys tems and t h a t t h e s e w i l l be 
managed by t h e r e s e a r c h i n s t i t u t e s i n v o l v e d . Many o f t h e r e s e a r c h t o p i c s 
and e x p e r i m e n t s l i s t e d a t t h e s t a r t o f t h i s s e c t i o n , however , a r e b e s t 
t a c k l e d by use of new t e c h n i q u e s i n v o l v i n g o t h e r v e h i c l e t y p e s . In t h i s 
c o n t e x t we b e l i e v e the deep ocean ROV w i l l be i m p o r t a n t , a l s o f ree-swimming 
manned and unmanned v e h i c l e s . 
ROVs have t h e c a p a c i t y t o c a r r y o u t a v a r i e t y o f i n s p e c t i o n and 
working t a s k s in t h e deep ocean and t h e y have t h e c a p a b i l i t y t o r e -occupy 
a p r e v i o u s l y s t u d i e d p o s i t i o n . Such a b i l i t i e s would be v a l u a b l e in IPOD 
b o r e - h o l e r e - e n t r y e x p e r i m e n t s and in m o n i t o r i n g and s amp l ing r a d i o a c t i v e 
was te d i s p o s a l t r i a l s . They could a l s o be used in s e t t i n g up bench marks 
f o r g e o d e t i c s t u d i e s , f o r rock sampl ing and s t r a t i g r a p h i c r e s e a r c h and a 
range of g e o t e c h n i c a l i n v e s t i g a t i o n s . T h e i r c a p a b i l i t i e s a r e l i k e l y t o 
o v e r l a p t h o s e of manned s u b m e r s i b l e s in some of t h e s e a r e a s . Manned 
s u b m e r s i b l e s may n o t have t h e same work t o o l c a p a c i t y b u t t h e y a r e f u l l y 
mobi le and would be needed f o r more e x t e n d e d s u r v e y s i n v o l v i n g s t r a t i g r a p h i c 
and sed iment s amp l ing . They have a p p l i c a t i o n s in c a r r y i n g o u t r e s i s t i v i t y 
e x p e r i m e n t s and t h e emplacement of bench marks and t h e m o n i t o r i n g of 
g e o d e t i c e x p e r i m e n t s . The f u r t h e r uses t o which manned s u b m e r s i b l e s can be 
pu t w i l l be dependent on t h e e x t e n t t o which p e r f o r m a n c e can be improved 
th rough t h e use o f new h u l l m a t e r i a l s and ene rgy s o u r c e s . 
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Unmanned f ree-swimming v e h i c l e s have a p a r t i c u l a r a p p l i c a t i o n i n 
g e o p h y s i c a l and g e o l o g i c a l r e s e a r c h . They o f f e r t h e p o s s i b i l i t y of 
c o n d u c t i n g pre-programmed su rveys of a g iven a r e a of ocean f l o o r a t 
r e l a t i v e l y high speed and wi th much more p r e c i s e t r a c k c o n t r o l than could 
be p r o v i d e d by a towed sys tem. The s t a b i l i t y of t h e sy s t em would enab le 
s y n t h e t i c a p e r t u r e s o n a r t o be deve loped wi th a g r e a t improvement in 
az imutha l r e s o l u t i o n . In a d d i t i o n , f o r g e o p h y s i c a l s t u d i e s , such a v e h i c l e 
might be f i t t e d wi th swath mapping s o n a r , a s u b - b o t t o m p r o f i l e r t o give 
sed imen t s t r u c t u r e , d o p p l e r s o n a r f o r v e l o c i t y r e l a t i v e t o the s ea bed , 
o b s t a c l e avo idance s o n a r , a magne tomete r , and cameras and TV. The e x a c t 
s u i t e would depend on a v a i l a b l e ene rgy and d a t a s t o r a g e . In a d d i t i o n an 
i n t e g r a t e d n a v i g a t i o n sys tem would be needed and an i n t e l l i g e n t c o n t r o l 
sys tem t o dec ide on c o u r s e , speed and h e i g h t t o f o l l o w , when t o o p e r a t e 
cameras , when to avo id o b s t a c l e s , e t c . Such a t e c h n i q u e would e n a b l e maps 
t o be produced of t h e morphology of t h e sea b e d , of s e d i m e n t a r y f a c i e s and 
s t r u c t u r e on a s c a l e comparable t o t h a t on l a n d . Areas o f r e s o u r c e 
p o t e n t i a l , such as c o n c e n t r a t i o n s o f manganese n o d u l e s o r p o l y m e t a l l i c 
s u l p h i d e o r b o d i e s , cou ld be mapped in c o n s i d e r a b l e d e t a i l . 
5 . 1 8 P h y s i c a l oceanography 
P h y s i c a l o c e a n o g r a p h e r s use a l i m i t e d number o f t e c h n i q u e s f o r 
c o l l e c t i n g c u r r e n t , t e m p e r a t u r e , s a l i n i t y and d e n s i t y d a t a from t h e ocean 
below 1000m. They h e a v i l y i n v e s t in c u r r e n t m e t e r m o o r i n g s , in c o n d u c t i v i t y / 
t e m p e r a t u r e / d e p t h (CTD) packages lowered from t h e s u r f a c e and in t h e 
deployment of n e u t r a l l y buoyant f l o a t s t o t r a c k ocean c u r r e n t s . They 
a r e n o t prime u s e r s of r emote , o r ' i n t e r v e n t i o n ' s y s t e m s , as d e f i n e d 
in s e c t i o n 6 . However, in d i s c u s s i o n s wi th s c i e n t i s t s a t lOS i t became 
c l e a r t h a t t h e r e were r e s e a r c h needs which cou ld be s o l v e d by t h e use of 
one o r more of such sys t ems . 
One problem i d e n t i f i e d was t h e need t o i n v e s t i g a t e and r e l e a s e 
t h o s e i n s t r u m e n t moorings which had f a i l e d t o r e t u r n on a c o u s t i c command. 
Each y e a r a q u a n t i t y of da t a i s l o s t , and t h e c a p i t a l i n v e s t m e n t , f rom 
t h i s c a u s e . Dragging f o r a v e r t i c a l l y deployed sys tem i s u s u a l l y i n e f f e c t i v e 
and can c o s t many hours of s h i p t i m e . I f a f u l l ocean dep th ROV was a v a i l a b l e 
- 39 
as a portable s y s t em, o r i f a long endurance manned s u b m e r s i b l e was in the 
a r e a then t h e s e f a i l e d sys tems could be r e t r i e v e d . This would a l s o a l low t h e 
s o u r c e of such problems t o be d i a g n o s e d . 
There i s i n t e r e s t in t h e use of t h e unmanned ROV (UROV) f o r making 
s u r v e y s of t h e t e m p e r a t u r e and c o n d u c t i v i t y ( s a l i n i t y ) s t r u c t u r e of f r o n t s 
I t cou ld be pre-programmed t o run a s e r i e s o f t r a c k s t h rough a f r o n t a l 
sys tem us ing t h e v a r i a t i o n in t h e p a r a m e t e r s b e i n g measured as p a r t of 
t h e i n p u t t o i t s ' i n t e l l i g e n t ' c o n t r o l sys t em. Var ious a d d i t i o n a l s e n s o r s 
could a l s o be added. There would be va lue in doing such su rveys a t a 
number of d i s c r e t e d e p t h s . In a n o t h e r type of e x p e r i m e n t t h e v e h i c l e 
would be programmed t o f o l l o w the depth of a c o n s t a n t t e m p e r a t u r e o r 
s a l i n i t y l a y e r . 
Use o f such sys tems would depend c o m p l e t e l y on t h e l e v e l of 
o p e r a t i o n a l c o s t which would have t o be borne by t h e s c i e n t i f i c p r o j e c t 
conce rned . 
5 .19 Chemical oceanography 
There has been an i n c r e a s e in r e s e a r c h e f f o r t in t h e l a s t 5 -10 y e a r s 
on t h e c h e m i s t r y of t h e deep oceans and t h e g e o c h e m i s t r y of t h e ocean f l o o r . 
Most work i s be ing done by s c i e n t i s t s in t h e USA, UK, Germany and 
S w i t z e r l a n d . This e f f o r t has l a r g e l y a r i s e n f rom t h e needs of t h e 
r a d i o a c t i v e was te d i s p o s a l programmes and t h e i n t e r e s t s of t h e ocean 
mining c o n s o r t i a ( s ee s e c t i o n s 5 . 4 , 5 . 5 a n d . 5 . 1 2 ) . F o r t h e bu lk of t h i s 
r e s e a r c h autonomous 'moonland ing ' v e h i c l e s ( s e e s e c t i o n 6 . 1 ) have c a r r i e d 
t h e i n s t r u m e n t s and sample r s r e q u i r e d , and t h i s i s p r o v i n g t o be a c o s t 
e f f e c t i v e method of making very p r e c i s e measurements and c o l l e c t i n g the 
n e c e s s a r y uncon tamina ted samples . For geochemical r e s e a r c h r e q u i r e m e n t s 
a l o n e i t i s d i f f i c u l t fo r geochemis t s t o a rgue f o r more s o p h i s t i c a t e d 
v e h i c l e s , and in t h i s r e s p e c t t hey a r e in a s i m i l a r p o s i t i o n t o t h e 
p h y s i c i s t s . They do f o r e s e e the e x t e n s i o n of e x p e r i m e n t s such as ISHTE 
and MANOR i n t o o t h e r a r e a s , and t h e r e i s a p a r t i c u l a r i n t e r e s t a t t h e 
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moment, in c o n s i d e r i n g a r ange of ' b e l l j a r ' e x p e r i m e n t s , o f t h e form t h e 
b i o l o g i s t s wish to u n d e r t a k e in r e s p i r o m e t r y , p r o d u c t i v i t y , e t c . This 
would i n c l u d e ' a n a l y t i c a l ' e x p e r i m e n t s , l i k e MANOP, o v e r a long pe r iod of 
t ime in which a c e n t r a l ' p r o c e s s o r ' i s used and m a t e r i a l i s f e d to i t from 
s a t e l l i t e p o s i t i o n s . 
They b e l i e v e t h a t an ROV or manned s u b m e r s i b l e c o u l d be v a l u a b l e in 
m o n i t o r i n g and s e r v i c i n g such complex and long term s t a t i o n s , so t h a t t h e 
expe r imen t i t s e l f i s n o t i n t e r r u p t e d w h i l e d a t a i s e x t r a c t e d o r b a t t e r i e s 
a r e r e c h a r g e d e t c . Man ipu la t ion wi th a high l e v e l of d e x t e r i t y would be 
r e q u i r e d . Such a v e h i c l e cou ld a l s o be used to examine hydro thermal a r e a s 
and a l s o r e g i o n s of downwelling f o r CO^ i n v e s t i g a t i o n s . I t i s unders tood 
t h a t a t t h e p r e s e n t l e v e l of knowledge, i f COg s t u d i e s i n t h e a tmosphere 
became dominan t , i t would no t be p o s s i b l e t o d e s c r i b e t h e s c i e n c e of ocean i c 
' v e n t i l a t i o n ' which a l lows c a r b o n a t e d i s s o l u t i o n t o t a k e p l a c e in r e g i o n s of 
downwel l ing . 
Dr. Wilson of lOS remarked t h a t t h e Deep Sea D r i l l i n g P r o j e c t 
(DSDP, now I POD) and Geosecs were models of t he US a b i l i t y t o g e t groups 
wi th d i f f e r e n t backgrounds t o work t o g e t h e r in new t e c h n o l o g y e x p e r i m e n t s . 
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6. DESCRIPTION OF EXISTING CLASSES OF VEHICLES AND REMOTE HANDLING 
SYSTEMS 
Seve ra l key r e f e r e n c e works have been p u b l i s h e d : Janes Ocean 
Technology ( 1 9 7 9 ) ; Busby (1981) Undersea V e h i c l e s D i r e c t o r y ; Busby (1976) 
Manned s u b m e r s i b l e s ; Vadus and Busby (1979) . The p u r p o s e of t h e p r e s e n t 
s e c t i o n of t h e r e p o r t i s t o d e f i n e t h e c l a s s e s of v e h i c l e s and remote 
h a n d l i n g sys tems d i s c u s s e d in t h i s r e v i e w , t o c l a r i f y t e r m i n o l o g y , and 
to summarise very b r i e f l y the range of v e h i c l e s a l r e a d y in e x i s t e n c e . 
I t i s l o g i c a l t h a t recommendations f o r f u t u r e a c t i o n s h o u l d be based on 
e x p e r i e n c e wi th e x i s t i n g i n t e r v e n t i o n s y s t e m s . Many h y b r i d and composi te 
o r i n t e r m e d i a t e sys tems have r e c e n t l y been p l anned o r p o s t u l a t e d . The 
numbers in b r a c k e t s r e f e r t o t h o s e used in t h e b i b l i o g r a p h y t o l i s t t he 
s u b j e c t r e f e r e n c e s u sed . 
6 . 1 Bottom l a n d i n g s t a t i c sys tems (20) 
This c l a s s i s e x c l u s i v e l y used f o r s c i e n t i f i c r e s e a r c h and i t s 
development has r e c e n t l y been a c c e l e r a t e d by t h e need f o r r a d i o a c t i v e 
was te s t u d i e s . The v e h i c l e i s launched in f r e e - f a l l , descends t o t h e 
ocean f l o o r , pe r fo rms a sequence of measurements o r e x p e r i m e n t s , i s 
t r i g g e r e d by a c o u s t i c means t o drop b a l l a s t , and a s c e n d s under i t s own 
buoyancy. The v e h i c l e i s u s u a l l y t r a c k e d on d e s c e n t and a s c e n t by a c o u s t i c 
means, and d e t e c t i o n a t t he s u r f a c e may be a i d e d by a r a d i o beacon and 
l i g h t . Such d e v i c e s have a p p l i c a t i o n s r e l e v a n t t o a l l s c i e n t i f i c d i s c i p l i n e s 
i n t e r e s t e d in t h e b e n t h i c r e g i o n ; b i o l o g y , g e o p h y s i c s , p h y s i c s , geochemis t ry 
and g e o t e c h n o l o g y . Systems developed a t lOS f o r use a t d e p t h s down t o 6000m 
i n c l u d e Ba thysnap , a t i m e - l a p s e p h o t o g r a p h i c d e v i c e f o r o b s e r v i n g t h e 
e p i f a u n a and bur rowing f auna over p e r i o d s up t o s i x months . I t has 
r e c e n t l y observed t h e f a l l of f l o c u l l e n t m a t e r i a l f rom deceased p l a n k t o n 
blooms. Others i n c l u d e remote r e c o r d i n g s e i smographs t o r e c e i v e s i g n a l s 
from both n a t u r a l and a r t i f i c i a l s e i s m i c s o u r c e s , and d e v i c e s f o r 
measur ing t h e t e m p e r a t u r e and c u r r e n t s t r u c t u r e in t h e bo t tom b e n t h i c 
l a y e r . S i m i l a r d e v i c e s have been used a t o t h e r ma jo r l a b o r a t o r i e s . 
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L a r g e r s c a l e p r o j e c t s f o r r a d i o a c t i v e was te r e s e a r c h i n t h e USA i n c l u d e 
ISHTE, HEBBLE and MANOR which a r e b r i e f l y d e s c r i b e d i n s e c t i o n 5 . 1 7 . 
6 . 2 Cable lowered bottom l a n d e r (21) 
This c l a s s a l s o i s g e n e r a l l y o n l y used in r e s e a r c h . I n s t r u m e n t s 
such as p o r e - w a t e r p r o b e s , s p e c i a l i s e d sample r s and c o r e r s and g e o t e c h n i c a l 
d e v i c e s r e q u i r i n g t o e x e r t a load on t h e sea bed , a r e lowered i n t o p o s i t i o n . 
The c a b l e i s then m a i n t a i n e d in a s l a c k c o n d i t i o n w h i l s t t h e exper imen t i s 
p e r f o r m e d , and t h e d e v i c e i s s u b s e q u e n t l y r e t r i e v e d . The dynamics of t h e 
impac t wi th the bottom and s u b s e q u e n t c a b l e management have proved d i f f i c u l t 
t o c o n t r o l , p a r t i c u l a r l y from r e s e a r c h s h i p s w i t h o u t a p r e c i s e p o s i t i o n i n g 
sys t em. The system merges i n t o c e r t a i n bottom RQV d e v i c e s , s i n c e in t h e 
l a t t e r ca se a heavy "ga rage" o r "cage" i s lowered t o t h e bo t tom, and t h e 
ROV e x i t s f rom t h i s on a t e t h e r to pe r fo rm i t s work. Var ious h i g h l y 
s p e c i a l i s e d bottom l a n d i n g d e v i c e s have been b u i l t f o r p i p e l i n e r e p a i r s e t c . 
( B r i t i s h Underwater P i p e l i n e Eng inee r ing (Hydra-Lock) L t d . ; and Saipem). 
6 . 3 Remote Operated Veh ic le (ROV) (22) 
This i s a v e h i c l e s u p p l i e d wi th c o n t r o l v i d e o and power c o n n e c t i o n s 
th rough an u m b i l i c a l c a b l e u s u a l l y from a s u r f a c e s u p p o r t v e s s e l . Veh ic l e s 
range i n s i z e from t h o s e weighing 50kg - s o - c a l l e d " f l y i n g - e y e b a l l s " t o 
t h o s e weighing s e v e r a l t onnes ( see Table 3 ) . I n c r e a s e d s i z e p e r m i t s g r e a t e r 
power , h e a v i e r m a n i p u l a t o r s , more cameras and e x p e r i m e n t a l equ ipmen t , e t c . 
ROVs have in t h e last f i v e y e a r s improved d r a m a t i c a l l y in p e r f o r m a n c e , and 
d i s p l a c e d both d i v e r s and manned s u b m e r s i b l e s f o r many t a s k s in t h e 
o f f s h o r e o i l i n d u s t r y . The a d v a n t a g e s a r e low human r i s k , long endurance 
in t h e w a t e r , a b i l i t y t o work below t h e d i v i n g l i m i t a t 300-500m, a b i l i t y 
t o work w i t h i n s t r u c t u r e s , and high d a t a r a t e t r a n s m i s s i o n t o t h e s u r f a c e 
f o r good v ideo r e s o l u t i o n . Over 100 ROVs have been b u i l t t o work s h a l l o w e r 
than 1000m, and about t en in t h e depth range 2000-3000m (Busby, 1 9 8 1 ) . 
F r i s b i e (1983) d e s c r i b e s a s u c c e s s f u l o i l d r i l l i n g s u p p o r t o p e r a t i o n 
deepe r than 2000m. The Royal Navy v e h i c l e TUMS can be o p e r a t e d both as 
Veh ic l e 
Weight 
in Air 
(kg) 
Opera t i ng 
Depth 
( m e t r e s ) 
Speed 
( k t s ) 
Ra t io 
Power Consumption 
Weight in Air 
(khi/ tonne) 
Curv l i e 3 ,100 1,800 4 15 
Curv I I I 2,000 3,000 4 20 
Deep Drone 700 1,200 3.5 50 
Manta 1 .5 1,200 1,500 2 8 
RCV-150 1,300 2,000 <2.5 75 
RCV-225 180 2,000 1 . 7 30 
RUWS 5,500 6 ,000 1 .5 35 
Scarab I&II 2,200 1,800 3 65 
Scorp i 300 1 ,000 3 . 5 N/A 
Smi t s u b - 1 0 0 700 1,000 - 200 
SOP 1,800 1,000 - 36 
Dual-Hydra 
2500 
7,500 
( i n c . 
cage) 
5,000 6 
TABLE 3 Remote Opera ted V e h i c l e s (ROVs) c a p a b l e of work ing a t 1000 m or d e e p e r 
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a towed v e h i c l e , o r as an ROV working from a d e p r e s s o r - c u m - c a g e a t abyssal 
p l a i n depth (Peach and S e a r , 1983) . 
S ince ROVs on a s h o r t t e t h e r can be o p e r a t e d e f f e c t i v e l y in 
combina t ion w i th a lmos t any o t h e r s y s t e m , bottom l a n d e r , towed f i s h , 
manned s u b m e r s i b l e , t h e i r a p p l i c a t i o n seems bound t o be v e r y w ide , both 
in dep th range and t a s k t y p e . 
6 . 4 Bottom t r a c k e d mobi le v e h i c l e (23) 
Busby (1981) r e p o r t s on ly one bottom t r a c k e d v e h i c l e working in 
t h e dep th range 1000-2000m, and none d e e p e r . W i l l a t and Cameron (1983) 
d e s c r i b e 18 v e h i c l e s r a n g i n g in we igh t f rom 1 tonne t o 141 t o n n e s , w i thou t 
g i v i n g depth i n f o r m a t i o n . The m a j o r i t y of v e h i c l e s move on t r a c k s , and 
a r e d e s i g n e d t o d ig t r e n c h e s and bury p i p e l i n e s and c a b l e s . S ince t h e 
bulk of t h i s work needs t o be done on t h e c o n t i n e n t a l s h e l f , s h a l l o w e r 
than 300m, where c a b l e s and p i p e s a r e p o t e n t i a l l y a t r i s k from s h i p s ' 
a n c h o r s and f i s h i n g t r a w l s , t h e r e i s l i t t l e p r o b a b i l i t y t h a t t h e sys tems 
w i l l be developed f o r much deepe r work. 
6 . 5 U n t e t h e r e d , f r ee - swimming , ROVs (UROV) (24) 
Busby (1981) l i s t s 4 UROVs o p e r a t i n g below lOOOm dep th ( s ee Table 4 ) , 
The v e h i c l e on which we have c o l l e c t e d t h e most d a t a i s t h e French Epaulard 
(Michel and Le Roux, 1981) . This has 6000m o p e r a t i n g d e p t h , and works 
w i t h o u t c a b l e c o n t r o l , r e spond ing t o a u t o m a t i c c o n t r o l s and t h e use of a 
depth c h a i n f o r m a i n t a i n i n g d i s t a n c e from t h e bo t tom, and t r a n s m i t t i n g and 
r e c e i v i n g s i g n a l s a c o u s t i c a l l y i n communication w i t h s u r f a c e s u p p o r t . The 
advan t ages of a UROV a r e f reedom from t h e d rag of t h e u m b i l i c a l , t i g h t 
t u r n i n g c i r c l e , f reedom from v i b r a t i o n o r o t h e r mot ions impa r t ed by t h e 
c a b l e , s t e a d i n e s s , and a c a p a b i l i t y t o a c h i e v e c l o s e t e r r a i n - f o l l o w i n g . 
The d i s a d v a n t a g e s a r e l i m i t e d power and e n d u r a n c e , c o m p l e x i t y , need f o r 
t h e u tmost r e l i a b i l i t y , and d i f f i c u l t y of t r a n s m i t t i n g h igh d a t a r a t e s of 
i n f o r m a t i o n and c o n t r o l s i g n a l s . 
Vehic l e 
Maximum 
O p e r a t i n g 
Depth 
(m) 
Veh ic l e 
Weight 
in Ai r 
(kg) 
Speed 
( k n o t s ) 
(max) 
Ope ra t i ng 
Dura t ion 
( h r s ) 
Power Communications Computer A p p l i c a t i o n 
AUSS 6,100 907 7 10 20 kWh 
Lead Acid 
B a t t e r i e s 
A c o u s t i c l i n k 3 ea 86 -12 , 
16 b i t m ic ro -
p r o c e s s o r s w i th 
8086 CPU 
Search 
EAVE EAST 914 318 2 6 Lead Acid A c o u s t i c l i n k 6100 CPU, IK 
EPROM, 2K ROM 
P i p e l i n e i n s p e c -
t i o n 
EAVE WEST 671 181 1 . 8 1 24V Lead 
Acid 
Bat ter ies 
F i b r e O p t i c s ; 
A c o u s t i c 
8080 Micro-
p r o c e s s o r 
system 
P i p e l i n e i n s p e c -
t i o n 
EPAULARD 6,000 3,000 2.5 10 48V, ISkWh 
Lead Acid 
B a t t e r i e s 
A c o u s t i c l i n k N/A Photography 
Topographic 
P r o f i l i n g 
ROBOT SUBMARINE 91 66 3 3 2 - g e l 
c e l l 
8 amp-hr 
B a t t e r i e s 
Preprogrammed 280-based CPU 
2K ROM, 1616 
dynamic RAM 
M u l t i p l i e r Un i t 
S e a r c h , 
Survey 
SPURV I & I I 3,000 
( I ) 
454 7 6 S i l v e r Zinc 
B a t t e r i e s 
A c o u s t i c l i n k N/A Water 
Column 
Measurements 
UPSS 457 N/A 5 25 Lead Acid 
B a t t e r i e s 
A c o u s t i c l i n k 8080 CPU 24K 
EPROM, 5K RAM 
16 ch . A/D, 
12 8 - b i t I/O 
Search 
TABLE 4 Un te the red v e h i c l e s 
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A UROV can work in a c o n f i n e d s p a c e , such as a nar row canyon o r 
between t h e l e g s of a r i g . Thus i t would be l o g i c a l t o o p e r a t e a UROV from 
a n o t h e r v e h i c l e , e i t h e r an ROV o r a manned s u b m e r s i b l e , s h o r t e n i n g t h e 
a c o u s t i c pa th f o r t h e c o n t r o l s . The combina t ion of ROV p l u s UROV i s 
e n v i s a g e d by Russe l l e t al (1983) . See a l s o S h i r l e y (1981) f o r computer 
sys tems in UROVs. Joe l C h a r l e s (CERTSM) s u g g e s t e d t h a t t h e low d a t a r a t e , 
and hence poor c o n t r o l , a s s o c i a t e d wi th a UROV might be overcome by p r o v i d i n g 
computer a r t i f i c i a l i n t e l l i g e n c e in t h e v e h i c l e , a c c e p t i n g a low r a t e of d a t a 
t r a n s m i s s i o n t o t h e s u r f a c e , and then u s ing a second a r t i f i c i a l i n t e l l i g e n c e 
d e v i c e on t h e s u r f a c e t o r e c o n s t r u c t t h e mot ions of t h e UROV, and t o 
compensate f o r t h e t ime l a g in t h e a c o u s t i c t r a n s m i s s i o n . 
6 . 6 Towed unmanned sys tems (25) 
Busby (1981) i d e n t i f i e s 10 deep tow s y s t e m s , w i t h t h e m a j o r i t y 
c a p a b l e of working between 5000-600Qm. (This coun t o f c o u r s e i g n o r e s t h e 
many h u n d r e d s , o r even t h o u s a n d s , of sha l l ow w a t e r s i d e - s c a n s o n a r and 
o t h e r sha l l ow towed d e v i c e s ) . At l e a s t two f u r t h e r s y s t e m s have been 
deve loped s i n c e 1981, and t h e lOS and French sys tems a r e in t h e development 
s t a g e . Var ious combina t ions of heavy d e p r e s s o r a r e used w i t h a s s o c i a t e d 
i n s t r u m e n t v e h i c l e s which a r e e i t h e r heavy , n e u t r a l , o r buoyant r e l a t i v e 
t o t h e d e p r e s s o r . The o b j e c t i v e of t h e towing system i s t o decoup le t h e 
i n s t r u m e n t f i s h from t h e mot ions of t h e s h i p and the b u l k of t h e c a b l e . 
The towed system may be combined wi th t h e o p t i o n t o s t a t i o n t h e v e s s e l , 
a l l o w i n g t h e d e p r e s s o r o r cage to r e s t on t h e bo t tom, and t h e f i s h t o be 
c o n t r o l l e d under i t s own p r o p u l s i o n as an ROV. 
The a d v a n t a g e s of t h e deep- tow c o n f i g u r a t i o n a r e ample power f o r 
a c o u s t i c i n s t r u m e n t a t i o n , v ideo and cameras , r e l a t i v e l y h igh towing speed , 
and high d a t a r a t e f o r t r a n s m i s s i o n of s i g n a l s t h rough t h e towing c a b l e . 
The d i s a d v a n t a g e s a r e t h a t , a t a dep th of 5000m, t h e t owing c a b l e w i l l 
have a l e n g t h of t h e o r d e r of 10km. I t i s t h u s d i f f i c u l t t o n a v i g a t e 
t h e f i s h a c c u r a t e l y , and i m p o s s i b l e to t u r n on a t i g h t r a d i u s . Th i s 
makes f o r a wide l i n e s p a c i n g in bottom su rveys wi th p o o r t r a c k c o n t r o l . 
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6 . 7 Manned submers ib1es (26) 
Busby (1981) l i s t s 68 s u b m e r s i b l e s o p e r a t i n g s h a l l o w e r than 1000m; 
5 i n t h e depth range 10Q0-2000m; 6 between 2000-4000m; and 1 each in t h e 
r a n g e s 5000-6000m, and deepe r than 6000m. S ince 1981 t h e US Navy S e a c l i f f 
has been u p - r a t e d from 3000m t o 6000m, and t h e French (CNEXO p l u s Navy) 
have commenced c o n s t r u c t i o n of t h e SM-97, which w i l l have 6000m c a p a b i l i t y . 
Severa l o t h e r manned v e h i c l e s have been b u i l t in t h e s h a l l o w range ( see Table 5) 
There a r e s e v e r a l ma jo r d i v i s i o n s w i t h i n t h e g e n e r a l c l a s s i f i c a t i o n 
of manned s u b m e r s i b l e s . These d i v i s i o n s a r e somewhat a r b i t r a r y , wi th 
i n d i s t i n c t b o r d e r s , b u t he lp t o c l a r i f y t h e r ange of t y p e s : 
True s u b m e r s i b l e , a v e h i c l e wi th a crew of 1 - 4 p e o p l e ; pe r sonne l 
c a p s u l e i s as small a s p r a c t i c a b l e , and c o n t a i n s a minimum of mach ine ry ; 
t h e bulk of power s t o r a g e , p r o p u l s i o n sys tem, c o n t r o l s , and m a c h i n e r y , i s 
i n s t a l l e d o u t s i d e t h e p r e s s u r e h u l l and des igned t o work, a t ambient wa te r 
p r e s s u r e . Usua l ly o p e r a t e d f rom a mother v e s s e l , and l i f t e d o u t of t h e 
wa te r between d i v e s . This has been t h e c l a s s i c c o n f i g u r a t i o n of s u b m e r s i b l e s 
s i n c e C o u s t e a u ' s "Soucoupe" of 1959, and has been r e t a i n e d t h rough t o t h e 
SM-97. 
Submarine t y p e , a v e h i c l e in which a l m o s t a l l s u b - s y s t e m s and 
machinery a r e i n s t a l l e d w i t h i n t h e same p r e s s u r e hu l l a s t h e p e r s o n n e l . 
This i s t h e c o n v e n t i o n a l m i l i t a r y submarine p a t t e r n . T h i s c o n f i g u r a t i o n 
has been used by IKL-Gabler f o r t h e small d i e s e l - e l e c t r i c Tours v e h i c l e s , 
and more r e c e n t l y by Bruker M e e r e s t e c h n i k . Dr. San t i (SSOS) has conduc ted 
des ign s t u d i e s of a range of s u b m a r i n e - t y p e v e h i c l e s u s i n g a h i g h l y s t r e a m -
l i n e d t e a r - d r o p h u l l , which shou ld p rov ide h igh speed and long e n d u r a n c e . 
Bruker Meeres t echn ik have c o n s t u r c t e d a d i e s e l - e l e c t r i c submar ine w i t h 
g a l l e y , bunks , e t c . , f o r o i l f i e l d work to a dep th of 200m. Weight i s 
46 t o n n e s , and l e n g t h 15.5m (Haas and Kern, 1983) ( S e a h o r s e 2 ) . 
Vehicle 
Weight Operating Collapse 
in Air Dfinth Dpnth Payload 
Life 
Support Total Energy 
(kWh) 
Speed; 
Cruise 
(kts) 
Speed: 
Max. 
( k t s ) 
Total Launch Hull Material Power Source 
P.atio 
Total Energy 
Ratio 
Pavload 
[tonnes) (metres) (metres) ( k ^ Duration (man/hr) 
Crew Date Weight in Air 
(kWh/tonne) 
Weight in Air 
(kg/tonne) 
Alvin 15.4 3 , 6 5 8 7 , 6 2 0 4 5 3 216 4 2 . 7 1 2 3 1964 Titanium Lead Acid 2 J 7 2 9 . 4 1 
Mystic & 
Avalon 
(D5RV 1 
& 2) 
2 4 . 6 1^124 2 , 2 3 6 N/A' 388 1 5 6 . 8 N/A 3.9 2 1970&1971 HY-140 Steel Silver Zinc 6 ^ ^ N/A 
Cyana 8.5 3 , 0 0 0 3 , 9 0 0 199 216 47 1 2 3 1970 Vascojet 90 
Steel 
Lead Acid 5.52 2 1 ^ 
Deep 
Quest 
47 2 , 4 3 8 3^162 2700 432 230 2 3 4 1967 KSl Grade 
Maraging Steel 
Lead Acid 4 ^ W 57.44 
Pisces IV 10.4 2,012 2 , 7 4 3 590 336 46.2 0 . 5 2 3 1972 HY-100 Steel Lead Acid 4.45 5 6 . 9 3 
Pisces V 1 0 . 8 2 , 0 1 2 2 , 7 4 3 , 278 # 8 39 1 2 3 1973 HY-lOO S t e e l Lead Acid 3 . 6 - 2 5 . 7 4 
Pisces VI 9 . 8 2 , 0 1 2 2 , 7 4 3 680 250 42 1 2 3 1976 HY-100 Steel Lead Acid 4 ^ # 6 9 . 3 8 
Pisces VII 
& XI 
10.7 2 , 0 0 0 3 , 0 4 8 679 216 4 6 . 2 0 . 5 2 3 1975 VII 
1976 XI 
HY-100 Steel Lead Acid 4 ^ 1 - 6 3 . 4 5 
Sea C l i f f 23 3 , 0 4 8 
( 6 , 0 0 0 
wi th 
titanium 
sphere) 
4 , 5 7 2 N/A 111 30 0 . 5 2 . 5 3 1 9 6 8 HY-100 Steel Lead Acid 1.3 N/A 
Sever 2 2 8 2 , 0 0 0 N/A 400 216 N/A 2 . 5 4 3 ca. 1969 N/A N/A N/A 14.23 
Shinkai 
2000 
25 2 , 0 0 0 3 , 3 0 0 100 240 61.6 1 3 3 1981 
(planned) 
NS90 Steel Silver Zinc Oil 2.46 4 
Trieste II N/A ' 6 , 0 9 6 9 , 6 9 1 N/A 135 N/A 1 . 5 N/A 3 1969 HY-120 Steel Silver Zinc N/A 
Turtle 23 3 , 0 4 8 4 , 5 7 2 N/A 210 30 0 . 5 2 . 5 3 1968 HY-100 Steel Lead Acid 1.3 N/A 
Arms I&II 7.1 914 N/A 310 190 30 N/A 3 2 1976,1977 HY-100 Steel 
1979 
Lead Acid 4.21 44.58 
SM-97 13 6,000 N/A 50 - 40 - - 3 1984 Titanium Cadmi urn-Nickel 2 . 2 -
NR-1 400 1,000 N/A N/A Days-
weeks 
Nuclear N/A N/A 5 1970 Steel Nuclear 
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Veh ic l e s weighing l e s s than 20 tons a r e u s u a l l y handled from a l a r g e 
s u r f a c e s u p p o r t s h i p , which i s expens ive to o p e r a t e . Dives t y p i c a l l y l a s t 
6 - 8 h o u r s , and t h e v e h i c l e i s l i f t e d o u t of t h e w a t e r v i a a s t e r n A-frame 
a f t e r each d i v e . B a t t e r i e s a r e r e - c h a r g e d on deck , e x p e r i m e n t a l equipment 
p r e p a r e d f o r t he nex t d i v e , and r e p a i r s c a r r i e d o u t i f n e c e s s a r y . This i s 
t h e t y p i c a l mode of o p e r a t i o n of t h e s u b m e r s i b l e . S i n c e many of t h e s u b -
sys tems a r e o u t s i d e t h e manned p r e s s u r e h u l l , t h e y can o n l y be s e r v i c e d on 
deck , o r by d i v e r s in s h a l l o w w a t e r . The advan t ages a r e a l i g h t v e h i c l e , 
t o t a l c o n t r o l of a l l p a r a m e t e r s of t h e v e h i c l e when i t i s on deck , and t h e 
s e c u r i t y p rov ided by a l a r g e c o n v e n t i o n a l s u r f a c e s h i p . The crew i s never 
exposed t o p ro longed s t r e s s u n d e r w a t e r . The p r i n c i p l e d i s a d v a n t a g e s a r e 
t h e c o s t of t h e s u p p o r t s h i p , t h e cramped crew c o n d i t i o n s , t h e s h o r t d ive , 
d u r a t i o n , and t h e f a c t t h a t subsys tems have t o w i t h s t a n d p r e s s u r e and 
c o r r o s i o n , as well as t h e w e a t h e r l i m i t a t i o n s of l a u n c h and r e c o v e r y . 
Also pay load i s u s u a l l y s e v e r e l y l i m i t e d f o r t h e d e e p e r d i v i n g s u b m e r s i b l e s 
of t h i s t y p e . 
The autonomous s u b m e r s i b l e / s u b m a r i n e i s d e s i g n e d t o o p e r a t e w i t h o u t 
a s u r f a c e s h i p . By p r o v i s i o n of d i e s e l power and an a i r - b r e a t h i n g snorke l 
t h e v e h i c l e motors on t h e s u r f a c e t o t h e w o r k - s i t e . I t t h e n c o n v e r t s t o a 
n o n - a i r - b r e a t h i n g power s y s t e m , and d ive s f o r as l ong a s t h e power s o u r c e 
w i l l p e r m i t . The IKL-Gabler Tours v e h i c l e s were u n i q u e in be ing v e r y s m a l l , 
and d e s i g n e d on t h i s p r i n c i p l e . They were i n t e n d e d f o r use in deep w a t e r 
c l o s e t o s h o r e in t h e c o r a l i n d u s t r y , bu t were n o t c o m m e r c i a l l y v e r y 
s u c c e s s f u l . The Bruker Meeres t echn ik Seahorse 2 i s d e s i g n e d t o e x p l o i t 
f u l l y t h e p o t e n t i a l of t h e autonomous c o n c e p t . Assuming a d u r a t i o n of 
c r u i s e / d i v e of s e v e r a l d a y s , t h e crew a r e p rov ided w i t h space and f a c i l i t i e s 
f o r s l e e p i n g and changing w a t c h e s . This of c o u r s e means t h a t , i n a d d i t i o n 
t o t h e work space and f a c i l i t i e s , a g r e a t deal of e x t r a space has t o be 
p rov ided w i t h i n t h e p r e s s u r e h u l l . The advan t ages a r e presumed t o be t h e 
comple te avo idance of t he c o s t s of t h e s u p p o r t s h i p . The d i s a d v a n t a g e may 
be t h a t t h e v e h i c l e i s l a r g e and cumbersome when i t g e t s t o t h e work s i t e . 
A d d i t i o n a l l y , i f problems a r e e n c o u n t e r e d du r ing t h e work t h e y must be 
s o l v e d w i t h i n t h e v e h i c l e , w i t h o u t t h e f l e x i b i l i t y p r o v i d e d by t h e t ime 
and f a c i l i t i e s on t h e deck of t h e s u p p o r t s h i p . CNEXO-COMEX a r e p r o p o s i n g 
t o r e s u s c i t a t e t h e Argyrone te v e h i c l e as a t e s t v e h i c l e t o deve lop t h e 
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concep t of an autonomous l o n g - r a n g e d i v e r l o c k - o u t s y s t e m , and t h i s 
e x p e r i m e n t could be very v a l u a b l e . In g e n e r a l , s i n c e t h e autonomous 
s u b m a r i n e / s u b m e r s i b l e i s l i k e l y t o be l a r g e , of t h e o r d e r o f 40-300 t o n s , 
i t i s l o g i c a l t h a t t h e b a s i c v e h i c l e should be s u p p l e m e n t e d wi th e i t h e r a 
ROV o r a s m a l l e r , more manoeuvrab le , s u b m e r s i b l e t o e n a b l e d e x t e r o u s t a s k s 
t o be pe r fo rmed in c o n f i n e d s p a c e s . 
Summary 
Manned s u b m e r s i b l e s have d e c l i n e d in use in t h e l a s t decade , l a r g e l y 
due to t h e high c o s t s of o p e r a t i o n , and t h e c o m p e t i t i v e n e s s of ROVs. 
However, a l l s u b m e r s i b l e s up t o t h e p r e s e n t da t e have s u f f e r e d from an 
a c u t e s h o r t a g e of t o t a l i n s t a l l e d ene rgy p e r d i v e . Whatever t h e s i z e , a 
v e h i c l e dependen t upon seconda ry s t o r a g e b a t t e r i e s ha s been boxed in wi th 
a s e t of l i m i t a t i o n s c o n s t r a i n e d by i t s e n d u r a n c e , p a y l o a d and a v a i l a b l e 
power f o r t o o l s and l i g h t s . The d e s i g n e r has had t o economise and 
m i n i a t u r i s e in eve ry d e p a r t m e n t , in o r d e r t o e x t r a c t maximum pe r fo rmance 
from minimum power. 
Recent t e c h n i c a l developments- s u g g e s t t h a t c o n s t r a i n t s o f l i m i t e d 
power and buoyancy may both be removed w i t h i n a few y e a r s , and t h e 
pe r fo rmance of manned s u b m e r s i b l e s could be g r e a t l y improved . These 
t r e n d s w i l l be d i s c u s s e d more f u l l y l a t e r , ( s ee s e c t i o n s 7 . 1 , 7 .2 and 7 . 8 ) 
6 . 8 Towed and suspended manned sys tems ' 
Var ious one-a tmosphere v e r t i c a l l y lowered o b s e r v a t i o n b e l l s , b e l l s 
wi th a r t i c u l a t e d arms, b e l l s w i th t h r u s t e r s f o r l i m i t e d movement, and towed 
o b s e r v a t i o n b e l l s , have been used ove r t h e l a s t two d e c a d e s . The d e v i c e s 
merge by s t a g e s i n t o a r t i c u l a t e d one-a tmosphere d i v i n g s u i t s , and smal l 
one-man s u b m e r s i b l e s . Most of t h e s e d e v i c e s o p e r a t e s h a l l o w e r than 500m 
and ve ry few as deep as 1000m. V a r i a n t s of t h e s e s y s t e m s w i l l p r o b a b l y 
remain in use t o s u p p o r t o f f s h o r e o i l f i e l d o p e r a t i o n s , b u t a r e u n l i k e l y 
t o be deve loped f o r use deeper than 1000m. 
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ANALYSIS OF THE DEVELOPMENT NEEDS OF VEHICLE SUB-SYSTEMS 
In t h i s s e c t i o n t h e v a r i o u s sub-systems c o n t r i b u t i n g to t h e d i f f e r e n t 
c l a s s of v e h i c l e have been d e f i n e d , and a b r i e f a n a l y s i s has been made of t h e 
p r e s e n t s t a t e of development of each one and i t s r e l e v a n c e t o t h e v e h i c l e t y p e s . 
The d e g r e e of f u r t h e r development which may be r e q u i r e d i s d i s c u s s e d and 
recommendations made f o r p a r t i c u l a r development i f t h i s i s a p p r o p r i a t e . 
The sub- sys t ems have been i d e n t i f i e d under t h e f o l l o w i n g s e c t i o n t i t l e s , 
and w i l l be d i s c u s s e d in o r d e r in t h e f o l l o w i n g pages . The numbers in b r a c k e t s 
r e f e r to t h o s e used in t h e b i b l i o g r a p h y to l i s t t h e s u b j e c t r e f e r e n c e s used . 
(28) Power s t o r a g e , supp ly and c o n v e r s i o n 
(29) Prime mover and p r o p u l s i o n sys tems 
(30) Umbil ica l d e s i g n 
(31) M a n i p u l a t o r s , r o b o t i c t o o l s 
(32) Video sys tems and v ideo t r a n s m i s s i o n 
(33) N a v i g a t i o n , p o s i t i o n f i x i n g and t r a c k r e c o r d i n g 
(34) Buoyancy c o n t r o l 
(35) P r e s s u r e v e s s e l c o n s t r u c t i o n and t e s t i n g and hu l l t h r o u g h p u t s 
(36) Data t e l e m e t r y 
(37) Human c o n t r o l , s e n s o r y d a t a , f e e d b a c k , p i l o t i n g , d a t a d i s p l a y 
(38) L i f e s u p p o r t 
(39) Emergency and b a l e - o u t systems 
(40) S u r f a c e s u p p o r t , s u p p o r t s h i p s o r p l a t f o r m s and h a n d l i n g sys tems 
(41) Land, sea o r a i r t r a n s p o r t a b i l i t y 
(42) Maintenance problems 
(43) S c i e n t i f i c i n s t r u m e n t s f o r use on t h e v e h i c l e 
(44) S c i e n t i f i c d a t a r e c o r d i n g on t h e v e h i c l e 
(45) H y d r a u l i c , e l e c t r i c a l and mechanical components 
(46) Use of on-board computing and m i c r o p r o c e s s o r s 
7.1 Power s t o r a g e , supp ly and c o n v e r s i o n (28) 
In t h i s s e c t i o n we a r e concerned wi th power s t o r a g e , s u p p l y and 
c o n v e r s i o n systems which a r e r e l e v a n t to v e h i c l e s i n c l u d e d in s e c t i o n s 22 , 24 
and 26 (ROVs, and both manned and unmanned f ree-swimming v e h i c l e s ) and a l s o to 
underwate r work and r e p a i r sys tems a l t h o u g h t h e l a t t e r a r e no t cove red by t h e 
rev iew i n any d e t a i l . 
The range of power s t o r a g e and supply systems which have been proposed 
over t h e y e a r s f o r underwate r use i s l a r g e . Some p r e d a t e t h e use of n u c l e a r 
power f o r submar ines and o t h e r s a r e r e l a t e d to space v e h i c l e power s u p p l i e s . 
When volume and we igh t a r e a t a premium, and h i g h per formance i s 
e s s e n t i a l , then t e c h n i c a l complex i t y and high c a p i t a l and runn ing c o s t s may 
be t o l e r a t e d . This i s ve ry much t h e c a s e i n m i l i t a r y and space a c t i v i t i e s . 
However i n c i v i l i a n underwa te r a p p l i c a t i o n s , f o r commercial and s c i e n t i f i c 
u s e , we b e l i e v e t h a t low c o s t s and t e c h n i c a l s i m p l i c i t y a r e more i m p o r t a n t , 
even a t t h e expense of per formance c r i t e r i a . In t h i s c o n t e x t , t e c h n i c a l 
s i m p l i c i t y i n c l u d e s f u e l h a n d l i n g and s a f e t y t e c h n o l o g y ; many of t h e more 
e x o t i c f u e l s would be d i f f i c u l t , i f no t i m p o s s i b l e , to h a n d l e in t h e c i v i l i a n 
f i e l d w i t h o u t h i g h l y t r a i n e d and c o s t l y s t a f f . For t h i s r e a s o n we have no t 
c o n s i d e r e d s t o r a g e o r supp ly sys tems r e q u i r i n g e i t h e r p o t e n t i a l l y hazardous 
f r e e r e a c t a n t s such as hydrogen , l i t h i u m and sodium, o r n u c l e a r and i s o t o p i c 
s o u r c e s . As a r e s u l t , t h e f o l l o w i n g pr imary and s e c o n d a r y sys tems have b e e n ' 
e x c l u d e d : hydrogen-oxygen a l k a l i n e and a c i d f u e l c e l l s ( t h e l a t t e r a l s o 
i n c l u d e s a most complex a s s o c i a t e d power p l a n t ) , t h e l i t h i u m - s e a w a t e r f u e l 
c e l l , t h e l i t h i u m - p e r o x i d e f u e l c e l l , t h e sodium s u l p h u r b a t t e r y and t h e 
l i t h i u m and s u l p h u r h e x a f l u o r i d e h e a t s o u r c e (used in c o n j u n c t i o n w i th a c l o s e d 
Brayton c y c l e t u r b o - c o m p r e s s o r ) , as wel l a s a l l energy c y c l e s i n v o l v i n g n u c l e a r 
and i s o t o p i c s o u r c e s . All m o n o p r o p e l l a n t - b a s e d power s o u r c e s have a l s o been 
e x c l u d e d , on the b a s i s of c o s t and s a f e t y c r i t e r i a . Th i s r ev iew has inc luded 
t h e use of gaseous and l i q u i d oxygen because i t i s b e l i e v e d h a n d l i n g sys tems 
f o r t h i s r e a c t a n t a r e wel l developed and i t i s i n e x p e n s i v e . A c c e p t a b l e f u e l s 
a r e d i e s e l and J P - 5 ( k e r o s e n e ) ; a c c e p t a b l e b a t t e r i e s i n c l u d e l ead a c i d , n i cke l 
cadmium, n i c k e l i r o n , s i l v e r z i n c , and l i t h i u m s u l p h u r (where t h e l i t h i u m i s 
he ld in a s e a l e d ' d r y ' form) and we have a l s o taken no te o f t h e c a r b o n block 
r e c h a r g e a b l e h e a t source and t h e advanced f lywhee l r e c h a r g e a b l e k i n e t i c s o u r c e 
( s u p e r f l y w h e e l ) . 
As a r e s u l t of t h e above ' e x c l u s i o n s ' , on ly t h e f o l l o w i n g two p r i m a r y , 
o r ' n o n - r e c h a r g e a b l e ' , o p t i o n s have been c o n s i d e r e d : The f i r s t i s a thermal 
source employing oxygen p lus JP -5 in e i t h e r a c l o s e d - c y c l e r e c i p r o c a t i n g h e a t 
eng ine ( d i e s e l o r S t i r l i n g ) or in a c a t a l y t i c combustor a s t h e h e a t s o u r c e f o r 
a t u r b o - c o m p r e s s o r o p e r a t i n g in a c l o s e d Brayton c y c l e ; and t h e second i s the 
l i t h i u m s u l p h u r p r imary b a t t e r y . Oxygen p lu s JP -5 o r d i e s e l f u e l i s an 
a t t r a c t i v e s o u r c e of underwa te r e n e r g y . Both components a r e cheap and ea sy 
to o b t a i n , and methods of con ta inmen t have been well d e v e l o p e d o v e r t h e l a s t 
few y e a r s . Oxygen i s s t o r e d most e f f i c i e n t l y in l i q u i d form (LOX)at a b o u t 
DU -
-170°C and s u i t a b l e c r y o g e n i c v e s s e l s have been deve loped which w i l l s t o r e i t 
f o r up to f o u r weeks w i t h o u t r e f r i g e r a t i o n . The l i t h i u m s u l p h u r pr imary 
b a t t e r y » us ing e i t h e r i r o n d i s u l p h i d e o r i r o n s u l p h i d e , has reached a f a i r 
l e v e l of development in t h e Uni ted Kingdom, and i s l i k e l y t o p rov ide an 
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energy d e n s i t y of 100-130 Wh kg . However such a the rmal b a t t e r y has to be 
kep t a t a t e m p e r a t u r e of 400 - 500°C and t h e c o s t of a r e n e w a b l e energy 
sou rce of t h i s t ype could be p r o h i b i t i v e f o r underwate r a c t i v i t i e s . P r e s e n t 
work i s c o n c e n t r a t e d on t h e development of a secondary o r r e - c h a r g e a b l e , form 
of t h i s b a t t e r y . 
The r ange of ' a l l o w e d ' r e c h a r g e a b l e s o u r c e s i n c l u d e s t h e w e l l - u s e d 
l ead a c i d and n i cke l cadmium b a t t e r i e s wi th energy d e n s i t i e s of 30 and 25 Wh/kg, 
and a l s o t h o s e employing t h e s i l v e r z i n c , n i c k e l i r on and l i t h i u m s u l p h u r 
c o u p l e s , wi th energy d e n s i t i e s of 50, 75 and some 100 - 130 Wh kg r e s p e c t i v e l y . 
Recent unde rwa te r v e h i c l e s have used t h e developed form of t h e s i l v e r z i n c 
b a t t e r y s u c c e s s f u l l y but t h e c y c l e l i f e i s markedly i n f e r i o r to both t h e l e a d 
a c i d and n i c k e l cadmium b a t t e r i e s . The United S t a t e s was a c t i v e in t h e f i e l d 
of s econdary sources , in t h e 1970s bu t r e s e a r c h has now been reduced s e v e r e l y 
by Government and i n d u s t r y , ma in ly because the o i l c r i s i s f a i l e d to m a t e r i a l i s e 
and t h e navy i s b e l i e v e d to have l i t t l e i n t e r e s t in s e c o n d a r y b a t t e r i e s . The 
n i c k e l i r o n b a t t e r y i s under a c t i v e development in F r a n c e , i t would seem t o 
o f f e r t h e same good c y c l e l i f e as t h e n i cke l cadmium bu t w i t h t h e p o s s i b i l i t y 
of tw ice t h e energy d e n s i t y . Some work c o n t i n u e s on t h e sodium s u l p h u r c o u p l e . 
In t h e Uni ted Kingdom, where t h e r e i s a c o n t i n u e d i n t e r e s t in d i e s e l - e l e c t r i c 
submar ine s , t h e Royal Navy has an a c t i v e programme on t h e development of t h e 
l i t h i u m s u l p h u r thermal b a t t e r y as a secondary s o u r c e , u s i n g t h e L i -Al /FeS 
c o u p l e . At t h e 5 - 1 0 hour r a t e energy d e n s i t i e s of 100 - 130 Wh kg ^ have 
been d e m o n s t r a t e d , and i t may be found p o s s i b l e to i n c r e a s e t h i s wi th improved 
e l e c t r o d e d e s i g n . A c y c l e t e s t of 2000 c y c l e s over one y e a r has been comple ted 
s u c c e s s f u l l y . Even a l l o w i n g f o r t h e high t e m p e r a t u r e r e q u i r e m e n t , t h i s work 
could be of v a l u e in c i v i l i a n a p p l i c a t i o n s of unde rwa te r t e c h n o l o g y . I t i s 
hoped t h a t development w i l l be completed in 2 - 3 y e a r s t i m e . Other s e c o n d a r y 
s o u r c e s , in which development i s b e l i e v e d ' t o be s t i l l a c t i v e , i n c l u d e t h e 
thermal s t o r a g e sys tems us ing carbon o r magnesia b locks (70 - 100 Wh/kg ) and 
t h e s u p e r f l y w h e e l employing aramid f i b r e s where energy d e n s i t i e s of 30 - 70 Wh/kg 
a r e c l a i m e d . 
Most d e s i g n e r s have s u c c e s s f u l l y used seconda ry b a t t e r i e s , i . e . l e a d 
a c i d , n i cke l cadmium or s i l v e r z i n c , in an o i l - f i l l e d p r e s s u r e compensated 
housing f o r deep ocean u s e . Problems have o c c u r r e d due t o t h e c r a c k i n g of 
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p l a s t i c c e l l c a s e s , o i l and e l e c t r o l y t e c o n t a m i n a t i o n , hydrogen d e g a s s i n g , 
t h e p r o d u c t i o n of mercury vapour ( s i l v e r z inc c e l l s ) e t c . bu t i t would appear 
t h a t t h e s e problems and many more have been overcome d u r i n g o p e r a t i o n a l use 
and t h a t t h e r e a r e no fundamenta l problems in t h e s u c c e s s f u l i n s t a l l a t i o n and 
use of such secondary b a t t e r i e s a t d e p t h s down to 6000 m. With b a t t e r i e s 
i n c l u d e d w i t h i n t h e p r e s s u r e hu l l of v e h i c l e s , p a r t i c u l a r c a r e has to be 
t aken t o avoid any i n t e r n a l a r c i n g or t h e p r o d u c t i o n of harmful g a s e s o r 
v a p o u r s . Grea t c a r e has to be taken over f a s t r e sponse f u s i n g of both e x t e r n a l 
and i n t e r n a l c e l l s t o p r o t e c t p e n e t r a t o r s and a s s o c i a t e d c a b l i n g in t h e v e h i c l e . 
All c i r c u i t s on v e h i c l e power b u s - b a r s r e q u i r e remote c o n t r o l c i r c u i t b r e a k e r s , 
wi th s t a t u s i n d i c a t i o n f o r t h e crew, and a l l c a b l i n g and c o n t r o l c i r c u i t s 
should be a d e q u a t e l y p r o t e c t e d a g a i n s t high t e m p e r a t u r e s , high humid i ty and 
mechanical damage. Aga in , t h e n e c e s s a r y improvements in d e s i g n have been 
s u c c e s s f u l l y made th rough o p e r a t i o n a l e x p e r i e n c e . 
Ambient p r e s s u r e e l e c t r i c a l c o n n e c t o r s c o n t i n u e t o be a problem a t a l l 
d e p t h s , and many u s e r s have c o n v e r t e d to g land p e n e t r a t o r s th rough p r e s s u r e 
hous ings e t c . to improve r e l i a b i l i t y . S o l i d s t a t e i n v e r t e r s a r e u s u a l l y 
employed to p rov ide AC c o n t r o l of t h r u s t e r s and a n c i l l a r y power s e r v i c e s in 
v e h i c l e s . C e r t a i n problems have been e x p e r i e n c e d in t h e u s e of power t r a n s i s t o r s 
and s i l i c o n - c o n t r o l l e d r e c t i f i e r s in t h e s e t y p e s of c i r c u i t , where pe r fo rmance 
has no t met t he quoted ' book ' f i g u r e s . Many v e h i c l e s have i n c l u d e d h y d r a u l i c 
power f o r main p r o p u l s i o n and o t h e r s e r v i c e s such as m a n i p u l a t o r c o n t r o l and 
t h e powering of work t o o l s , and t h e r e a r e no b a s i c problems in t h i s a r e a so 
long as r e l i a b l e ambien t p r e s s u r e compensat ion c i r c u i t s a r e u sed . In f a c t 
t h e d i s t r i b u t i o n of power by o i l o r w a t e r h y d r a u l i c c i r c u i t s i s i d e a l f o r 
deep w a t e r ^ u s e , i t p r o v i d e s f l e x i b l e and ve ry c o n t r o l l a b l e power t o a r ange 
of a c t u a t o r s v i r t u a l l y i ndependen t of ambient p r e s s u r e , and wi th a minimum 
of a c t u a t o r we igh t and b u l k . 
We b e l i e v e t h a t i t i s i m p o r t a n t to encourage t h e deve lopment of 
LOX/JP-5 (or d i e s e l o i l ) renewable f u e l s y s t e m s , f o r use i n t h e 1000 - 5000 m 
dep th r ange u n d e r w a t e r . This i n c l u d e s an i n v e s t i g a t i o n of t h e s a t i s f a c t o r y 
con t a inmen t and m e t e r i n g of t h e s e f l u i d s , and o p e r a t i o n a l t r i a l s t o e v a l u a t e 
t h e i r per formance as ene rgy s o u r c e s in e i t h e r c l o s e d Bray ton c y c l e sys t ems 
o r i n d i e s e l and S t i r l i n g eng ines o p e r a t i n g in c l o s e d o r s e m i - c l o s e d c y c l e 
c o n d i t i o n s ( see nex t s e c t i o n ) . For s e c o n d a r y , o r r e c h a r g e a b l e s o u r c e s , we 
b e l i e v e t h a t both block thermal s t o r a g e and advanced f l y w h e e l d e s i g n s shou ld 
be e v a l u a t e d and p o s s i b l y f u r t h e r deve loped . Perhaps t h e p o t e n t i a l l y most 
v a l u a b l e secondary s o u r c e being developed a t t h e p r e s e n t t ime i s t h e l i t h i u m 
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s u l p h u r ( l i t h i u m aluminium i r o n s u l p h i d e ) b a t t e r y which i s being t a i l o r e d to 
naval submar ine needs . When more f u l l y d e v e l o p e d , in s a y 2 - 3 y e a r s t i m e , 
i t shou ld be e v a l u a t e d f o r c i v i l i a n unde rwa te r a p p l i c a t i o n s , and any n e c e s s a r y 
m o d i f i c a t i o n made f o r o p e r a t i o n a l t r i a l s in t h i s f i e l d . 
7 . 2 Prime mover and p r o p u l s i o n sys tems (29) 
This s e c t i o n c o v e r s , p o t e n t i a l l y , a wide v a r i e t y of prime movers and 
t h e i r a s s o c i a t e d p r o p u l s i o n s y s t e m s . Comments made h e r e r e f e r p a r t i c u l a r l y 
to v e h i c l e s i nc luded in s e c t i o n s 6 . 3 , 6 . 5 and 6 . 7 (ROVs, and both manned and 
unmanned f ree-swimming v e h i c l e s ) , and a l s o to u n d e r w a t e r work and r e p a i r 
sys tems a l t h o u g h t h e s e a r e no t covered by t h e rev iew i n any d e t a i l . 
P r o p u l s i o n sys tems w i l l be c o n s i d e r e d f i r s t , s i n c e t h i s i s n o t 
b e l i e v e d to be a c r i t i c a l a r e a . P r e s e n t v e h i c l e s a r e d r i v e n from AC or DC 
e l e c t r i c a l power, o r by h y d r a u l i c power, th rough ma in ly shrouded p r o p e l l e r s . 
I t i s b e l i e v e d t h a t e i t h e r e l e c t r i c a l or h y d r a u l i c s y s t e m s can be made to 
f u n c t i o n a t 6000 m dep th w i t h o u t s i g n i f i c a n t t e c h n i c a l deve lopmen t . For 
e l e c t r i c a l p r o p u l s i o n a t t h e s e d e p t h s , b r u s h l e s s s q u i r r e l cage ( t y p e ) AC 
motors a r e l i k e l y to be p r e f e r r e d s i n c e l i q u i d p r e s s u r e compensa t ion can be 
used w i th n e g l i g i b l e e f f i c i e n c y l o s s and a r c i n g p r o b l e m s . H y d r a u l i c sys tems 
o f f e r f l e x i b i l i t y in l a y o u t and good speed c o n t r o l . They a r e a t p r e s e n t i n 
use to d e p t h s of 2000 m bu t comparable h y d r a u l i c c i r c u i t l a y o u t s cou ld be 
ex tended to 6000 m by e n s u r i n g t h a t t h e d i f f e r e n t i a l p r e s s u r e r e q u i r e d i s 
kep t c o n s t a n t by a compensa t ing sys t em. For t h r u s t , p r o p e l l e r s a r e p r e f e r r e d 
to d i r e c t , t h r u s t e r s s i n c e t h e y p r o v i d e b e t t e r slow speed c o n t r o l . For f i n e 
c o n t r o l , l a r g e s low-speed shrouded p r o p e l l e r s a r e b e s t s i n c e they produce 
lower a t t e n d a n t w a t e r a c c e l e r a t i o n s and v e l o c i t i e s . Resea rch i s t a k i n g p l a c e 
on c o n t r a - r o t a t i n g p r o p e l l e r d e s i g n s which may g i v e smal l improvements in 
c o n t r o l and e f f i c i e n c y . V icke r s Eng inee r ing has produced a submar ine p r o p u l s i o n 
l a y o u t which combines a wide range of o p e r a t i o n a l modes f rom a small number of 
mechanica l e l e m e n t s ; t h e s e i n c l u d e d i r e c t prime mover d r i v e wi th high o r low 
gea r r a t i o , b a t t e r y powered motor d r i v e wi th high or low g e a r r a t i o , d i r e c t 
pr ime mover d r i v e p lu s s i m u l t a n e o u s battery c h a r g i n g and b a t t e r y c h a r g i n g 
w i t h o u t p r o p u l s i o n . Such a system o f f e r s a c o n s i d e r a b l e r e d u c t i o n i n w e i g h t 
and complex i t y compared wi th a c o n v e n t i o n a l h e a t e n g i n e - e l e c t r i c s y s t e m , and 
a l l o w s t h e prime mover to be run a t h i g h e r speeds f o r g r e a t e r e f f i c i e n c y , 
c o n s i d e r a b l e b e n e f i t s f o r deep sea v e h i c l e s w i t h w e i g h t and volume l i m i t a t i o n s . 
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We b e l i e v e t h a t t h e p r e s e n t l e v e l of development of p r o p u l s i o n sy s t ems 
i s a d e q u a t e f o r v e h i c l e o p e r a t i o n in 2 - 6000 m, and t h a t adequa te l e v e l s of 
development w i l l c o n t i n u e to be p rov ided by naval and i n d u s t r i a l i n t e r e s t s 
ove r t h e nex t few y e a r s . 
The r ange of prime movers which have been s t u d i e d , and in some c a s e s 
deve loped f o r underwa te r u s e , i s l a r g e . I t i n c l u d e s a i r , steam and gas t u r b i n e s , 
and r e c i p r o c a t i n g h e a t e n g i n e s . For deep sea use i t i s n e c e s s a r y t o c l o s e , o r 
p a r t i a l l y c l o s e , t h e h e a t c y c l e and t h i s p l u s f u e l c o n s i d e r a t i o n s p l a c e l i m i t s 
on t h e more r e a l i s t i c c o n t e n d e r s . For r e a s o n s of c o s t , t e c h n i c a l c o m p l e x i t y , 
and s a f e t y we have not i n c l u d e d in t h i s r ev iew h e a t c y c l e s in which n u c l e a r 
, o r i s o t o p i c energy i s a component, o r which use p o t e n t i a l l y u n s t a b l e r e a c t a n t s 
o r f u e l s ( see s e c t i o n 7 . 1 ) . However, a number of c l o s e d c y c l e s e x i s t in which 
thermal o r chemical energy can be used to power gas or s t eam t u r b i n e s , some o f 
which were developed p r i o r to n u c l e a r p r o p u l s i o n and some i n c o n j u n c t i o n wi th 
t h e Uni ted S t a t e s space programme. These i n c l u d e t h e W a l t e r c y c l e s t e a m / g a s 
t u r b i n e runn ing on hydrogen p e r o x i d e and t h e Brayton c y c l e gas t u r b i n e 
employing f u e l and an o x i d a n t in a c a t a l y t i c combus tor . 
There has r e c e n t l y been a c o n s i d e r a b l e r e v i v a l of i n t e r e s t i n 
r e c i p r o c a t i n g e n g i n e s runn ing in c l o s e d o r n e a r - c l o s e d c o n d i t i o n s . The c l o s e d -
c y c l e d i e s e l eng ine i s a g a i n being s t u d i e d in t h e United Kingdom, and Sub Sea 
Oil S e r v i c e s (SSOS) in I t a l y have developed an eng ine in which t h e e x h a u s t i s 
sc rubbed by sea w a t e r , and t h e p r o c e s s i s c la imed to be d e p t h - i n d e p e n d e n t . 
(We v i s i t e d SSOS and were shown t h i s e n g i n e in i t s t r i a l s s u b m e r s i b l e by 
Dr. S a n t i ) . In Sweden, Uni ted S t i r l i n g has deve loped and t e s t e d a 25 kW 
S t i r l i n g eng ine which runs on d i e s e l o r methanol p l u s o x y g e n , and a r e a t 
p r e s e n t t e s t i n g a 100 kW v e r s i o n f o r t h e Royal Swedish Navy. (We v i s i t e d 
Mr. H e r b e r t N i l s son a t United S t i r l i n g in Malmo). Both d i e s e l and S t i r l i n g 
e n g i n e s can be des igned to o p e r a t e on a i r and on oxygen, w i t h e f f i c i e n c i e s 
of abou t 30 - 35%. This would e n a b l e a i r t o be used by a manned v e h i c l e f o r 
s u r f a c e c r u i s i n g o r s c h n o r k e l l i n g , and so c o n s e r v e t h e oxygen f o r u n d e r w a t e r 
a c t i v i t i e s . Oxygen would b e s t be c a r r i e d in l i q u i d form (LOX), and s u i t a b l e 
c r y o g e n i c v e s s e l s have been developed t o c o n t a i n t h e oxygen f o r 3 - 4 weeks 
a t abou t -170°C ( r e f e r e n c e v i s i t to Gabler S . A . ) . 
P r e l i m i n a r y no t e s f rom United S t i r l i n g (from Mr. H e r b e r t N i l s s o n ) 
i n d i c a t e t h a t a S t i r l i n g eng ine could be run a t a dep th o f 1500 - 2000 m 
through t h e a d d i t i o n of an e x h a u s t gas compressor which would use some 10% of 
t h e a v a i l a b l e power a t t h e s e d e p t h s . S ince a S t i r l i n g e n g i n e has an e x t e r n a l 
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combust ion chamber, c e r t a i n a d v a n t a g e s a c c r u e over a d i e s e l : t h e f u e l m i x t u r e 
can be o p t i m i s e d to reduce e x h a u s t p r o d u c t s and the p r e s s u r e in t h e chamber 
can be r a i s e d to f a c i l i t a t e e x h a u s t d i s c h a r g e . The d i e s e l eng ine must 
r e c i r c u l a t e a p r o p o r t i o n of t h e e x h a u s t COg as p a r t of t h e working f l u i d bu t 
t he ma jo r p a r t has to be d i s c h a r g e d from a low o p e r a t i n g p r e s s u r e , or a l i q u i d 
s c r u b b e r u sed . I t i s l i k e l y t h a t t h e high f lame t e m p e r a t u r e in t he combus t ion 
chamber of a S t i r l i n g eng ine w i l l r educe carbon and o t h e r d e l e t e r i o u s d e p o s i t s . 
Radia ted n o i s e l e v e l s a r e c o n s i d e r a b l y l e s s than t h o s e o f a comparable d i e s e l . 
There i s a need to prove t h e s a t i s f a c t o r y deve lopment of a medium 
power pr ime mover f o r unde rwa te r v e h i c l e s and work s t a t i o n s f o r deep wate r 
o p e r a t i o n s . We b e l i e v e t h a t Wal t e r and Brayton c y c l e s y s t e m / g a s t u r b i n e 
sys tems m e r i t f u r t h e r s t u d y , a l t h o u g h t h e s e a r e l i k e l y t o be c o s t l y s o l u t i o n s 
due to t h e i r e n g i n e e r i n g complex i ty and f u e l r e q u i r e m e n t s . They may a l s o be 
l i m i t e d by s a f e t y and o p e r a t i o n a l c o n s i d e r a t i o n s . Our recommendation i s t h a t 
a European e f f o r t should be made to prove t h e p e r f o r m a n c e of c l o s e d c y c l e 
d i e s e l e n g i n e s , p a r t i c u l a r l y t h e d e s i g n developed by Sub Sea Oil S e r v i c e s , 
a s well a s t h e S t i r l i n g e n g i n e s deve loped by United S t i r l i n g , f o r o p e r a t i o n 
in w a t e r dep ths from 1000 - 6000 m. These t e s t s shou ld be des igned to d e t e r m i n e 
the r e l i a b i l i t y of eng ines and c o n t r o l equ ipment , t h e i r e f f i c i e n c y as a f u n c t i o n 
of dep th and t h e deg ree of combust ion chamber and o t h e r f o u l i n g e x p e r i e n c e d 
under o p e r a t i o n a l c o n d i t i o n s . Such an i n v e s t i g a t i o n s h o u l d a l s o i n c l u d e a 
r e a l i s t i c a s s e s s m e n t of o p e r a t i o n a l f u e l and o x i d a n t r e q u i r e m e n t s , i n c l u d i n g 
c o n t a i n m e n t , m e t e r i n g , d i s p l a c e m e n t l o s s compensa t ion ( f o r v e h i c l e s ) and 
r e f u e l l i n g l i m i t a t i o n s . 
7 . 3 Umbi l ica l d e s i g n (30) 
U m b i l i c a l s , o r c a b l e s c o n t a i n i n g power, s i g n a l and s t r a i n members, 
a r e c r i t i c a l components in a number of v e h i c l e s y s t e m s . They a r e c r u c i a l t o 
t h e s u c c e s s of ROVs, u s u a l l y a l s o to bottom t r a c k e d v e h i c l e s and c e r t a i n l y to 
towed manned o r unmanned s y s t e m s . P o s s i b l y no o t h e r component g i v e s more 
t r o u b l e , and t h e r e c o r d of some ROV o p e r a t i o n s in p a r t i c u l a r has been a c a t e g o r y 
of f a i l u r e s due to f a u l t y u m b i l i c a l s . 
Over many y e a r s in o c e a n o g r a p h i c work, i t has been found p o s s i b l e to 
deve lop s imple e l e c t r o - m e c h a n i c a l c a b l e s which can be used in d e p t h s of 6000 m 
and l e n g t h s of 10 ,000 m. These a r e u s u a l l y c a b l e s c o v e r e d w i t h t o r q u e - b a l a n c e d 
h e l i c a l l y wound s t e e l armour w i r e s and c o n t a i n i n g t h e minimum of e l e c t r i c c o r e s . 
For most o c e a n o g r a p h i c purposes a s i n g l e c o a x i a l core s u f f i c e s and t h i s i s l a i d 
a long t h e c a b l e a x i s . Simple ' l o g g i n g ' c a b l e s of t h i s type, between 6 - 15 mm 
i n d i a m e t e r a r e r e l a t i v e l y rugged and may be handled on p r o p e r l y des igned drum 
o r t r a c t i o n w inches . The c e n t r a l c o a x i a l conduc to r p e r m i t s c o n t r o l and power 
s i g n a l s to be pu t down t h e c a b l e and m u l t i p l e x e d d a t a s i g n a l s to be r e t u r n e d . 
As soon as t h e c a b l e i s made more c o m p l i c a t e d , by add ing small i n d i v i d u a l 
c o n d u c t o r s of t w i s t e d p a i r s o r q u a d s , then r e l i a b i l i t y d e t e r i o r a t e s . 
U n f o r t u n a t e l y , t h i s message d id no t seem to g e t th rough to o f f s h o r e 
o p e r a t o r s e a r l y enough and many ROVs a r e s t i l l f i t t e d w i t h u m b i l i c a l s c o n t a i n i n g 
a m u l t i t u d e of smal l e l e c t r i c a l c o r e s . I t i s q u i t e common f o r o p e r a t o r s t o have 
to change u m b i l i c a l s s i x or more t imes in a summer s e a s o n . Recen t ly t h e r e has 
been a move to change to p a r t i a l l y m u l t i p l e x e d sys tems and t h i s should c e r t a i n l y 
improve m a t t e r s . 
The problem i s a g g r a v a t e d by t h e f a c t t h a t t h e r e i s l i t t l e i n c e n t i v e 
f o r c a b l e m a n u f a c t u r e r s to conduc t p rope r u m b i l i c a l deve lopmen t . Most d e s i g n s 
a r e based on a p a r t i c u l a r m a n u f a c t u r e r ' s e x p e r i e n c e w i t h land c a b l e s , so t h e r e 
a r e now as many u m b i l i c a l d e s i g n s as t h e r e a r e ROVs and c a b l e m a n u f a c t u r e r s . 
No m a n u f a c t u r e r i s p repared to g i v e any form of w a r r a n t y w i th t h e p r o d u c t . 
Two ve ry i m p o r t a n t r e c e n t developments have a l r e a d y i n t r o d u c e d f u r t h e r 
v a r i a b l e s and unknowns. The f i r s t i s t h e use of K e v l a r , an aramid f i b r e 
manufac tu red by Du P o n t , which , p r o p e r l y u s e d , can p r o v i d e t h e s t r e n g t h of 
s t e e l a t 5% of i t s we igh t in w a t e r . The second i s t h e i n t r o d u c t i o n of o p t i c a l 
f i b r e s i n t o t h e u m b i l i c a l t o p r o v i d e a band-wid th which w i l l a l l o w a d i g i t a l 
r a t e in e x c e s s of 10 b i t s per s econd . These two deve lopmen t s a r e p i v o t a l t o 
t h e f u r t h e r development of ROVs, and any sys tems which depend on a s t r o n g 
buoyant t e t h e r a n d / o r high t e l e m e t r y r a t e s f o r v i d e o . The problem w i l l be 
to i n t r o d u c e t h e s e new components i n t o a c a b l e t e c h n o l o g y which i s s t r u g g l i n g 
to cope wi th t h e s i m p l e r problems which s t e e l and copper w i r e s p r e s e n t . 
The most e f f e c t i v e r e s e a r c h and development i n t h i s f i e l d is be ing 
c a r r i e d o u t by naval s o u r c e s , and p a r t i c u l a r l y t h e US Navy. Aramid f i b r e s 
have p o t e n t i a l l y high t e n s i l e s t r e n g t h s bu t ba tch q u a l i t y v a r i e s , and t h e 
f i b r e s a r e prone to a b r a s i o n . Grea t c a r e has to be t a k e n in winding and 
t r e a t i n g t e n s i o n members made of t h i s f i b r e i f r e p r o d u c i b l e and c o n s i s t e n t 
t e n s i l e s t r e n g t h s a r e to be a c h i e v e d . F u r t h e r m o r e , g r e a t c a r e has t o be t aken 
in t h e d e s i g n of c a b l e s e c t i o n to e n s u r e t h a t a b r a s i o n i s minimised and t h a t 
an a c c e p t a b l e f a t i g u e l i f e in c y c l i n g i s o b t a i n e d . R a t h e r than u s ing t h e 
f i b r e s as a l oose b r a i d e d y a r n , i t a p p e a r s t h a t both t h e US Navy and t h e 
Royal Navy a r e deve lop ing t e c h n i q u e s f o r fo rming t h e f i b r e s i n t o coa ted 
t e n s i o n members. In t h i s way they g e t a p r o d u c t wi th a g u a r a n t e e d , 
r e p r o d u c i b l e , t e n s i l e s t r e n g t h which can then be ' d e s i g n e d ' i n t o a s t r a i n 
c a b l e us ing c o n c e p t s of geometry e t c . a l r e a d y developed and proved f o r s t e e l 
c a b l e s . We d e t e c t a s i m i l a r move by naval r e s e a r c h e r s i n t h e i r t r e a t m e n t of 
o p t i c a l f i b r e s . At p r e s e n t no m a n u f a c t u r e r s of o p t i c a l f i b r e s w i l l g u a r a n t e e 
t h e drawn t e n s i l e s t r e n g t h of t he f i b r e f o r l e n g t h s in e x c e s s of abou t 200 m, 
f o r most l a n d - b a s e d communication purposes t h i s i s no great h ind rance s i n c e 
f i n i s h e d c a b l e s w i l l n o t s u f f e r s i g n i f i c a n t s t r e s s . So t h e r e i s a move by 
t h e n a v i e s to deve lop p r o t e c t i v e and s t r a i n - b e a r i n g c o a t i n g s f o r s i n g l e ' 
f i b r e s which r a i s e t h e i r t e n s i l e s t r e n g t h f r o m , t y p i c a l l y , 1 kg to 50 kg. 
Even when c o a t e d , t h e y may be no more than 1 . 5 mm in d i a m e t e r and o f f e r 
enormous s i g n a l a d v a n t a g e s over t h e e q u i v a l e n t s i z e d coppe r c o n d u c t o r . At 
t h i s l e v e l of ruggedness they can be ' d e s i g n e d i n ' t o a c a b l e s e c t i o n in a 
s i m i l a r way to t h e use of Kev la r . 
C e r t a i n l y t h e r e i s a need f o r c o n t i n u i n g work t o be c a r r i e d o u t on 
t h e development of u m b i l i c a l c a b l e s , p a r t i c u l a r l y d e s i g n s making use of t h e 
a d v e n t of Kevlar and o p t i c a l f i b r e s . C o n t r o l l e d t e s t s need to be i n i t i a t e d 
on t h e t e n s i l e and f l e x u r a l p r o p e r t i e s of such c a b l e s , and t h e e f f e c t s of 
h igh p r e s s u r e on d i f f e r e n t t ypes of l a y s . The o r g a n i s a t i o n of a working 
group between t h e ma jo r m a n u f a c t u r e r s in Europe would be v a l u a b l e , p a r t i c u l a r l y 
i f t h i s led to t h e s t a n d a r d i s a t i o n of proven c a b l e d e s i g n s f o r use i n t h e 
unde rwa te r f i e l d . There i s a l s o a need to p rov ide t h e n e c e s s a r y t e s t f a c i l i t i e s 
f o r t h e s e d e s i g n s . 
7 . 4 M a n i p u l a t o r s and r o b o t i c t o o l s (31) 
M a n i p u l a t o r s and t h e i r a s s o c i a t e d too l s u i t e s a r e an e s s e n t i a l 
component f o r ROVs and manned s u b m e r s i b l e s . C o n s i d e r a b l e p r o g r e s s has been 
made ove r t h e p a s t 5 - 1 0 y e a r s t o improve t h e i r p e r f o r m a n c e in u n d e r w a t e r 
t a s k s . This impetus in development has been l ed by a wish to r educe o f f s h o r e 
d i v i n g o p e r a t i o n s to a minimum, and by t h e g r e a t s t r i d e s made in r o b o t i c s and 
semiconduc to r i n d u s t r i e s . 
M a n i p u l a t o r s come in v a r i o u s forms and l e v e l s o f c o m p l e x i t y , f rom 
l i g h t open- f ramed r a t e - c o n t r o l l e d t ypes to more complex m a s t e r / s l a v e d e v i c e s 
wi th p r o p o r t i o n a l c o n t r o l and f o r c e f e e d b a c k . The s i m p l e s t system may c o s t in 
t h e o r d e r of £1,000 and t h e most e x p e n s i v e some £ 5 0 , 0 0 0 . E l e c t r o - h y d r a u l i c s 
i s r a p i d l y becoming t h e p r e f e r r e d method of c o n t r o l , i t p r o v i d e s e x c e l l e n t 
c o n t r o l l a b i l i t y , small a c t u a t o r s and a system which can be made independen t 
of d e p t h . Recent advances have i n c l u d e d t h e a d d i t i o n of m i c r o p r o c e s s o r s t o r a g e 
and c o n t r o l so t h a t r e p e a t a b l e f u n c t i o n s , whose c o - o r d i n a t e s a r e known, can be 
c a r r i e d o u t a u t o m a t i c a l l y , t o r educe t i m e . Such deve lopments w i l l be v a l u a b l e 
i n improving t h e range of t a s k s which can be c a r r i e d o u t by ROVs. 
C o n s i d e r a b l e advances have a l s o r e c e n t l y been made in a d a p t i n g d i v e r -
held t o o l s f o r use by m a n i p u l a t o r s . In a s o p h i s t i c a t e d work sys t em, t o o l s have 
to be s t o r e d in a ' r e a d y - u s e ' too l f r ame which can be a c c e s s e d by t h e m a n i p u l a t o r . 
In t h e system developed by t h e US Navy, t h e m a n i p u l a t o r ' h a n d ' i s s u p p l i e d w i t h 
an i n t e g r a l h y d r a u l i c supp ly and q u i c k - f i t c o n n e c t o r s which a u t o m a t i c a l l y mate 
when t h e hand e n t e r s a too l b in on g u i d e s . At t h e same t ime t h e p o s i t i o n 
c o - o r d i n a t e s of t h e hand a r e used to c o n t r o l t h e pan and t i l t system of t h e 
v iewing video camera v ia m i c r o p r o c e s s o r c o n t r o l . 
We b e l i e v e t h a t t h e p r e s e n t l e v e l of m a n i p u l a t o r and t oo l deve lopment 
i n t h e underwate r s e c t o r i s a d e q u a t e f o r t h e l i k e l y needs of remote equipment 
i n deep w a t e r . Such sys tems w i l l c o n t i n u e to b e n e f i t f rom t h e l a r g e i n v e s t m e n t s 
in r o b o t i c s made in t h e n u c l e a r and p r o d u c t i o n i n d u s t r i e s . I t should a l s o be 
remembered t h a t t h e c o s t of m a n i p u l a t o r s f o r u se u n d e r w a t e r i s such t h a t t h e r e 
i s a d e f i n i t e t r a d e - o f f between complex i t y and p r i c e which t h e u s e r s a r e 
p r e p a r e d to make. F u r t h e r i n v e s t m e n t in t h i s a r e a would be u n l i k e l y to a l t e r 
t h e p r e s e n t t r e n d s or speed of deve lopment . 
7 . 5 Video sys tems and v ideo t r a n s m i s s i o n (32) 
High q u a l i t y remote v i s u a l m o n i t o r i n g equ ipment i s e s s e n t i a l f o r t h e 
m a j o r i t y of underwa te r t a s k s in t h e commerc ia l , m i l i t a r y and s c i e n t i f i c u n d e r -
wa te r f i e l d s . I t i s p a r t i c u l a r l y c r i t i c a l f o r t h e c o n t i n u e d development of 
ROVs, where improved o p e r a t i o n a l pe r fo rmance w i l l depend on s i m u l a t i n g t h e 
env i ronment a t t h e s u r f a c e in a more r e a l i s t i c manner . 
For s imp le m o n i t o r i n g and some i n s p e c t i o n t a s k s , i t i s a d e q u a t e to 
have a r e l a t i v e l y cheap c l o s e d c i r c u i t TV camera which may o r may n o t be mounted 
on a p a n / t i l t d e v i c e . For more e l a b o r a t e work c o n s i d e r a b l y g r e a t e r s o p h i s t i c a t i o n 
i s needed . For example , a t t h e l a r g e r end of t h e ROV s c a l e 'Consub 2 ' uses 
f o u r cameras , one low l i g h t u n i t wi th pan and t i l t c a p a b i l i t y f o r t h e p i l o t . 
a second pan and t i l t f o r cus tomer use and coupled t o t h i s , a colour camera 
wi th zoom l e n s f o r c l o s e up d e t a i l e d i n s p e c t i o n work. Even wi th t h i s type 
of e l a b o r a t i o n , i n c l u d i n g i t s a t t e n d a n t d a t a t r a n s m i s s i o n n e e d s , t h e p i l o t 
does no t g e t any th ing l i k e t h e same i n f o r m a t i o n as a d i v e r would g e t , o r a 
s u b m e r s i b l e p i l o t wi th 180° v i s i o n . 
P r a c t i c a l c o n s i d e r a t i o n s a p a r t , t h e i d e a l would be to deve lop a 
sys tem which would p rov ide comple te s i m u l a t i o n of t h e envi ronment around 
t h e ROV, wi th image f i d e l i t y matching t h e c a p a b i l i t i e s of t h e human eye 
r e g a r d i n g r e s o l u t i o n , c o l o u r r e n d i t i o n and s t e r e o s c o p y . However, t h e p r o v i s i o n 
of such a d i s p l a y a t normal TV r e f r e s h r a t e wi th say a 180° by 90° f i e l d of 
view would r e q u i r e a t o t a l l y i m p r a c t i c a l da t a t r a n s m i s s i o n r a t e , c o r r e s p o n d i n g 
to hundreds of p a r a l l e l 5 MHz d i s p l a y c h a n n e l s , which would no t be e c o n o m i c a l l y 
v i a b l e u s i n g any known t e c h n o l o g y . 
In t h e r e a l world wi th l i m i t a t i o n s of c o s t , w e i g h t and d a t a t r a n s m i s s i o n 
r a t e s , compromises w i l l have to be made a long t h e way i n t h e development of 
t h e more s o p h i s t i c a t e d v i s u a l m o n i t o r i n g s y s t e m s . Use r s w i l l r e q u i r e improved 
low l i g h t cameras , such as developments of t h e s i l i c o n - i n t e n s i f i e d t a r g e t (S IT) 
and t h e s i l i c o n d iode v i d i c o n cameras . They w i l l a l s o need some c o l o u r r e n d i t i o n , 
p o s s i b l y in a h i g h - r e s o l u t i o n panel in t h e c e n t r e of t h e s c r e e n , and the 
p r o v i s i o n of a u s e f u l f i e l d of view. Some measure of s t e r e o s c o p y , both twin 
cameras and h o l o g r a p h y , would a l s o be i n v a l u a b l e when c o n d u c t i n g t h e more 
d e x t r o u s t a s k s . S ince t h e d a t a has to be p rov ided i n r e a l t ime and i t s 
t r a n s m i s s i o n i s l i m i t e d by c a b l e bandwidth , t h e b e s t d e s i g n compromises a r e 
needed, 
A c o n s i d e r a b l e amount of work i s now being u n d e r t a k e n in t h e UK and 
USA on o p t i m i s i n g v i s u a l d i s p l a y s and on making t h e b e s t use of l i m i t e d band -
width u m b i l i c a l s . With t h e adven t of f i b r e o p t i c c o r e s , p a r t of t h i s problem 
w i l l be e a s e d , bu t i t w i l l s t i l l be ve ry i m p o r t a n t to c o n t i n u e r e s e a r c h i n t o 
op t imal s i m u l a t i o n , under i n s t r u m e n t we igh t and c o s t r e s t r a i n t s , t o p rov ide 
t h e f u t u r e ROV p i l o t wi th ' r e a l i s t i c ' v i s i o n to c a r r y o u t d i f f i c u l t and 
sometimes d e l i c a t e t a s k s . 
7 .6 N a v i g a t i o n , p o s i t i o n f i x i n g and t r a c k r e c o r d i n g (33) 
This i s a s u b j e c t which a f f e c t s t h e o p e r a t i o n o f a l l t h e v e h i c l e s y s t e m s 
l i s t e d . Free swimming v e h i c l e s w i l l r e q u i r e to n a v i g a t e on known t r a c k s , t h e y 
w i l l need to s t o r e p o s i t i o n f i x e s and they w i l l i n v a r i a b l y need to be l o c a t e d . 
Cable lowered and c o n t r o l l e d v e h i c l e s w i l l need to have t h e i r p o s i t i o n f i x e d 
r e l a t i v e to t h e s u r f a c e p l a t f o r m from which they a r e o p e r a t e d . 
The impor tance of n a v i g a t i o n a t t h e s u r f a c e 
P o s i t i o n i n g o b j e c t s i m p l i e s a r e f e r e n c e f r a m e . In the s i m p l e s t u n d e r -
wa te r c a s e , t h a t of equipment lowered v e r t i c a l l y from a s h i p , t h e wi re o u t 
i n d i c a t o r or metre-wheel g i v e s d i s t a n c e a long one a x i s , t h e geog raph i ca l s h i p 
p o s i t i o n t h e o t h e r two. In t h e most complex c a s e , t h e g e o d e t i c t r a c k of a 
f r e e s u b m e r s i b l e may be needed in a l l d imens ions w i t h o u t any h e l p from a s u r f a c e 
s h i p . There i s no p u b l i c l y prov ided underwa te r n a v i g a t i o n system wi th even a 
l i m i t e d r ange f a c i l i t y , l e t a l o n e wor ld -wide c o v e r a g e ; hence t h e need f o r 
e x p e n s i v e i n e r t i a l n a v i g a t i o n on m i l i t a r y s u b m a r i n e s . 
In between t h e two ex t remes above a wide s p e c t r u m of sys tems and 
t e c h n i q u e s a r e a v a i l a b l e and in u se t o d a y . In many c a s e s a c o u s t i c p o s i t i o n i n g 
r e l a t i v e to a network of bottom moored beacons o r t r a n s p o n d e r s i s used . U s u a l l y 
t h e network w i l l need to be s u r v e y e d - i n on a g e o d e t i c f r a m e by a s u r f a c e s h i p 
n a v i g a t e d by r a d i o t e c h n i q u e s . In o t h e r c a s e s i t i s s u f f i c i e n t mere ly to 
p o s i t i o n t h e underwa te r o b j e c t b y , a c o u s t i c s r e l a t i v e to t h e s u r f a c e s h i p . Thus 
we see t h a t , a p a r t from t h e m i l i t a r y submarine which i s n o t our c o n c e r n , s u r f a c e 
s h i p n a v i g a t i o n i s c r u c i a l to p r a c t i c a l l y a l l u n d e r w a t e r n a v i g a t i o n . Near s h o r e , 
high q u a l i t y , a c c u r a t e r a d i o n a v i g a t i o n methods can be s e t up c h e a p l y ; f u r t h e r 
o f f s h o r e Decca Hi f i x or Main Chain , o r Loran C may be a v a i l a b l e i n busy 
commercial a r e a s ; o t h e r w i s e f o r t h e v a s t m a j o r i t y of d i s t a n t open ocean a r e a s 
OMEGA and t h e T r a n s i t S a t e l l i t e s p r o v i d e the o n l y w o r l d - w i d e , c i v i l i a n a l l 
wea the r n a v i g a t i o n sys tems a t p r e s e n t . Omega has i n h e r e n t l y low r e s o l u t i o n 
and a c c u r a c y , w h i l s t t he d i s a d v a n t a g e of t h e medium p r e c i s i o n T r a n s i t sys tem 
i s t h e small number of f i x e s per day a t n o n - u n i f o r m , though p r e d i c t a b l e , 
i n t e r v a l s . This f e a t u r e becomes c r i t i c a l f o r example when s u r v e y i n g - i n a deep 
ocean t r a n s p o n d e r network f o r which t h e t e n s of s a t e l l i t e f i x e s r e q u i r e d t a k e 
s e v e r a l days to a c q u i r e . For t h e f u t u r e , t h e Global P o s i t i o n i n g System ( G . P . S . ) 
promises g e o d e t i c s u r f a c e s h i p f i x i n g v i a s a t e l l i t e s on a v i r t u a l l y c o n t i n u o u s 
b a s i s , which w i l l speed up t h e s u r v e y i n g - i n phase c o n s i d e r a b l y . Also t h e g e o d e t i c 
a c c u r a c y of t h e G.P .S . w i l l n e a r l y match the good r e l a t i v e p r e c i s i o n of u n d e r -
wa te r a c o u s t i c s y s t e m s . 
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Underwater a c o u s t i c p o s i t i o n i n g 
The most common way i s based on i n t e r r o g a t i n g t r a n s p o n d e r s , bu t p r e c i s i o n 
timed beacons , phase t r a c k e d CW beacons , hydrophone l i s t e n i n g a r r a y s , sona r 
beam s c a n n i n g , d o p p l e r sona r and o t h e r t e c h n i q u e s have been d e s c r i b e d f o r 
s p e c i f i c a p p l i c a t i o n s ; indeed t h e r e a r e p r a c t i c a l l y a s many systems as t h e r e 
a r e unde rwa te r o p e r a t o r s . The absence of any wide ly a c c e p t e d i n d u s t r y s t a n d a r d 
on t h e market p robab ly r e f l e c t s t h e v a r i e t y of a p p a r e n t l y d i f f e r e n t a p p l i c a t i o n s 
and t h e f a c t t h a t even t h e b e s t implemen ta t ion s u f f e r s d e g r a d a t i o n a t t imes due 
to env i ronmenta l f a c t o r s , w h i l s t c r o s s compar i sons a r e d i f f i c u l t and e x p e n s i v e 
to c a r r y o u t . 
D e s p i t e t h e v a r i e t y , a few g e n e r a l i s a t i o n s c a n be made. R e s o l u t i o n 
can be very good (cms) and maximum range can be Targe (1000 km), bu t t h e 
fundamenta l p r o p e r t i e s of a c o u s t i c p r o p a g a t i o n i n t h e ocean p r e c l u d e s i m u l t a n e o u s 
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achievement of b o t h . Roughly, maximum range wiTl be 10 to 10 t imes t h e r a n g e 
r e s o l u t i o n . A b s o l u t e a c c u r a c y however i s p r e d o m i n a n t l y de te rmined by u n c e r t a i n -
t i e s i n t h e a b s o l u t e ave r age sound speed a long t h e p a t h of t y p i c a l l y 0.1% to 1%, 
t h e s e e r r o r s t hus c o n s i d e r a b l y exceed ing t h e r e s o l u t i o n f o r r anges well s h o r t 
of t h e maximum. The i n t e r n a l c o n s i s t e n c y w i l l be r a t h e r b e t t e r be ing r e l a t e d 
to t h e f l u c t u a t i o n s in pa th sound speed . Sound m u l t i p a t h s due to r e f r a c t i o n 
and boundary r e f l e c t i o n s c o m p l i c a t e r e t u r n s , caus ing c o n f u s i o n f o r i n e x p e r i e n c e d 
o p e r a t o r s and making i t a p p r e c i a b l y h a r d e r f o r t he s o f t w a r e of automated s y s t e m s 
to cope . I t i s ve ry i m p o r t a n t to a p p r e c i a t e t h a t o v e r a l l p o s i t i o n i n g e r r o r s a r e 
l a r g e r than t h e s imple r ang ing e r r o r a long a s i n g l e p a t h by a g e o m e t r i c a l m u l t i -
p l y i n g f a c t o r dependen t on network a n g l e s . Long b a s e l i n e networks have lower 
e r r o r f a c t o r s than s h o r t b a s e l i n e o n e s . 
A s h i p w i th f o u r o r more t r a n s d u c e r s spaced a round i t s hu l l fo rms a 
s h o r t b a s e l i n e system wi th which t o p o s i t i o n f r e e , towed o r lowered v e h i c l e s . 
For deep (2000 - 6000 m) v e h i c l e s az imutha l u n c e r t a i n t i e s approach 1% of s l a n t 
r a n g e . I f on ly one hu l l p e n e t r a t i o n i s a v a i l a b l e , a t r a n s d u c e r a r r a y s p l i t 
i n t o q u a d r a n t s of o r d e r one wave leng th a p a r t forms a s u p e r - s h o r t b a s e l i n e 
from which one can e x p e c t e r r o r s exceed ing 1% of s l a n t r a n g e . Here then i s 
t h e c h a l l e n g e to system d e s i g n e r s , to improve t h e s e s h o r t b a s e l i n e sys tems to 
t h e 0.1% of s l a n t r ange l e v e l , a t which p o i n t t h e u n d e r w a t e r u n c e r t a i n t y around 
10 m e t r e s w i l l match t h e G.P.S. s u r f a c e u n c e r t a i n t y . There i s enormous o p e r a t i o n a l 
conven ience in having t h e comple te system on t h e s h i p and from no t having to l a y 
and s u r v e y - i n t r a n s p o n d e r beacons . S ince t h e e r r o r f a c t o r c a n n o t be r e d u c e d , 
and t h e a b s o l u t e sounding v e l o c i t y may no t be a v a i l a b l e , a l l e f f o r t must go t o 
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r e d u c i n g t h e random r a n g i n g e r r o r in r e l a t i v e p o s i t i o n i n g ; f o r example by 
t r a n s m i t t i n g over wide band-width from t h e t r a n s d u c e r s on t h e s h i p where h igh 
power i s a v a i l a b l e , and by u s i n g hydrophones on t h e u n d e r w a t e r v e h i c l e so 
t h a t good s i g n a l - t o - n o i s e r a t i o s can be a c h i e v e d . Then f r e q u e n c y and space 
d i v e r s i t y should be employed t o c o u n t e r a c t m u l t i p a t h s , and c a r e f u l m o n i t o r i n g 
of s h i p mo t ions , p i t c h , r o l l , yaw, heave , su rge and sway w i l l a l s o be n e c e s s a r y 
i f t h e i r t r a n s f e r r e d e f f e c t on underwa te r p o s i t i o n s a r e t o be f i l t e r e d o u t . 
F i n a l l y s i n c e many underwa te r v e h i c l e s move r a t h e r s l o w l y , p o s i t i o n i n g r a t e 
may be t r a d e d f o r p r e c i s i o n by smoothing p r o c e s s e s . 
Long b a s e l i n e sys tems w i l l c o n t i n u e to be t h e b e s t c h o i c e whenever 
a c t i v i t y ex t ends ove r a long p e r i o d i n one a r e a o r when r e p e a t e d s i t e v i s i t s 
a r e expec t ed o r i f t h e h i g h e s t pe r fo rmance i s r e q u i r e d a s in t r a c k i n g r a n g e s . 
Autonomous n a v i g a t i o n 
Free s u b m e r s i b l e s working n e a r t h e sea bed migh t well need autonomous 
n a v i g a t i o n , bu t f o r r a t h e r s h o r t e r p e r i o d s i n compar ison w i th m i l i t a r y s u b m a r i n e s . 
There may be m e r i t t h e r e f o r e in combining lower pe r fo rmance i n e r t i a l s e n s o r s 
wi th ground speed measured by d o p p l e r l o g , dep th by p r e s s u r e s e n s o r , h e i g h t 
over bed by a c o u s t i c a l t i m e t e r and gyro compass to p roduce a worKable . 
dead- reckoned t r a c k . One a s p e c t of t h e r e l e v a n t t e c h n o l o g y which needs 
a t t e n t i o n i s t h e d i r e c t i o n a l high f r e q u e n c y t r a n s d u c e r s f o r such deep 
submergence v e h i c l e s a l t i m e t e r and d o p p l e r l o g s . O the rwi se t h e e l e c t r o n i c s , 
p r o c e s s i n g , power r e q u i r e m e n t s a l l seem well w i t h i n p r e s e n t c a p a b i l i t i e s . 
One should no t however u n d e r e s t i m a t e t h e e f f o r t needed t o p u t sub - sys t ems 
i n t o a r e l i a b l e i n t e g r a t e d n a v i g a t i o n and communication package w i t h i n a 
small deep v e h i c l e , where f a i l u r e of e i t h e r may mean e x p e n s i v e l o s s f o r an 
unmanned sys t em, and danger f o r a manned v e h i c l e . There w i l l a l s o be a need 
f o r t h e advance warning of t o p o g r a p h i c a l changes and t e r r a i n f o l l o w i n g 
t e c h n i q u e s should be i n v e s t i g a t e d . 
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7 .7 Buoyancy c o n t r o l and payload (34) 
This s u b j e c t i s c r i t i c a l t o t h e e f f e c t i v e o p e r a t i n g per formance of 
ROVs and manned and unmanned f ree-swimming v e h i c l e s . The re a r e t h r e e f a c t o r s 
r e g a r d i n g buoyancy which need to be a s s e s s e d : 
1 . The maximum payload of peop le and i n s t r u m e n t s and samples 
which can be loaded s a f e l y i n t o t h e sys tem and p e r m i t i t t o r e t u r n 
t o t h e s u r f a c e . 
2 . The weigh t which can be p icked up and pu t down by m a n i p u l a t o r s , 
e i t h e r be ing t r a n s f e r r e d back t o t h e sea bed o r work s i t e , o r i n t o a 
c o n t a i n e d on t h e v e h i c l e . 
3 . The number of t imes which t h e v e h i c l e buoyancy can be a d j u s t e d 
t o compensate f o r t h e o p e r a t i o n s in pa rag raph 2 above , o r t o speed 
a s c e n t o r d e s c e n t . 
Payload 
At d e p t h s g r e a t e r than 1000m t h e g e n e r a t i o n of buoyancy th rough t h e 
ma in t enance of gas spaces in e q u i l i b r i u m wi th ambient p r e s s u r e would r e q u i r e 
an e x c e s s i v e q u a n t i t y of s t o r e d gas o r chemical e n e r g y . Thus a l l buoyancy 
on deep s u b m e r s i b l e s d u r i n g t h e d i v e i s e i t h e r in f i x e d r i g i d m a t e r i a l , 
u s u a l l y s y n t a c t i c foam b l o c k s , o r in empty p r e s s u r e v e s s e l s . The s y n t a c t i c 
foam r e q u i r e d f o r dep ths t o 6000m has a r e l a t i v e d e n s i t y which has improved 
from 0 . 6 7 t o 0 . 5 5 , and i t has t aken t h e US Navy and commercial companies 5 y e a r s 
to c r e a t e t h i s improvement. I t i s u n l i k e l y t h a t f u r t h e r i n v e s t m e n t would r e s u l t 
in a g r e a t i n c r e a s e in buoyancy of t h e m a t e r i a l . The n e t buoyancy of e n c l o s e d 
p r e s s u r e v e s s e l s could be i n c r e a s e d by use of c o m p o s i t e s based on carbon f i b r e s 
o r p o s s i b l y metal c o m p o s i t e s . 
Payload would of c o u r s e be g r e a t l y i n c r e a s e d i f t h e w e i g h t of t h e 
energy s t o r e and power g e n e r a t i o n system could be r e d u c e d . S ince a l l t h e 
s u b m e r s i b l e s l i s t e d in Table 5 r e l y on more o r l e s s c o n v e n t i o n a l s e c o n d a r y 
b a t t e r i e s , i t i s a p p a r e n t t h a t t h e weigh t of t h e s e i s a s i g n i f i c a n t f a c t o r 
in r e d u c i n g t h e o p t i o n a l p a y l o a d . 
Where e x t e r n a l e x p e r i m e n t a l o r working equ ipmen t has to be used from 
a s u b m e r s i b l e wi th a minimum p a y l o a d , i t i s p o s s i b l e t o a t t a c h buoyancy m a t e r i a l 
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t o t h e t o o l s to a c h i e v e n e u t r a l buoyancy. This has t h e added advan tage t h a t i f 
t h e equipment has t o be d e p o s i t e d and p icked up a g a i n , t h e r e c y c l e d buoyancy i s 
kep t t o a minimum. 
In o r d e r t o a c h i e v e e x t r a buoyancy in emergency, s u b m e r s i b l e s a r e 
u s u a l l y de s igned so t h a t heavy components such as t h e m a n i p u l a t o r , b a t t e r i e s , 
v a r i a b l e b a l l a s t and t r i m b a l l a s t , can a l l be dropped u s i n g mechanical l i n k a g e s 
which do n o t depend on an e l e c t r i c a l power s u p p l y . 
V a r i a b l e buoyancy 
Tasks such as w a t e r j e t t i n g , e n t r e n c h i n g , r o c k - d r i l l i n g , e t c . may 
r e q u i r e t h e s u b m e r s i b l e o r v e h i c l e t o be b a l l a s t e d heavy on t h e sea f l o o r . 
Tasks such as p i c k i n g up l o s t equ ipmen t , o b t a i n i n g rock samples o r sed iment 
cores, r e q u i r e a d d i t i o n a l buoyancy t o be g e n e r a t e d d u r i n g t h e d i v e . In s h a l l o w 
w a t e r v e h i c l e s t h e v a r i a t i o n of buoyancy w h i l s t submerged can be ach ieved by 
v e n t i n g gas i n t o t a n k s , o r a l l o w i n g wa te r i n t o t h e t a n k s d i s p l a c i n g t h e g a s . 
However, a t g r e a t d e p t h , t h e volume of gas which would be r e q u i r e d t o do t h i s 
becomes p r o h i b i t i v e . The sys tem used in t h e e a r l y b a t h y s c a p h e s , and in Cyana 
and t h e p lanned SM-97, i s t o c a r r y a q u a n t i t y of l e a d s h o t a t t h e s t a r t of a 
d i v e , and t o have some s p h e r i c a l p r e s s u r e v e s s e l s which c o n t a i n a i r a t one 
a tmosphere p r e s s u r e . When an i n c r e a s e in we igh t i s n e e d e d , w a t e r i s a d m i t t e d 
t o t h e p r e s s u r e v e s s e l s ; when an i n c r e a s e in buoyancy i s needed , l e a d s h o t i s 
d ropped . The sum t o t a l of buoyancy/weigh t which can be cyc l ed d u r i n g t h e d i v e 
i s t h e r e f o r e f i x e d . In t h e c a s e of Cyana, t h e p r e s s u r e v e s s e l s have a c a p a c i t y 
of 60 l i t r e s , r e p r e s e n t i n g 60 kg of t o t a l v a r i a b l e buoyancy . The t o t a l l e a d 
s h o t c a r r i e d by Cyana i s 100 kg. This p r o v i d e s a d e s c e n t r a t e of 0 . 4 m / s e c ; 
when a l l s h o t i s d ropped , t h e a s c e n t r a t e i s a l s o 0 . 4 m / s e c . S o f t buoyancy 
t a n k s , in e q u i l i b r i u m wi th ambient w a t e r p r e s s u r e , a r e used t o g i v e e x t r a 
buoyancy on t h e s u r f a c e , b u t t h e s e a r e ven ted c o m p l e t e l y d u r i n g a d i v e . 
To t r i m f o r a t t i t u d e d u r i n g a d i v e , in t h e c a s e of Cyana and SM-97 
mercury b a l l a s t i s pumped f o r e - a n d - a f t between small b a l l a s t t a n k s and t h i s 
mercury can be dropped t o ga in buoyancy in e m e r g e n c i e s . 
During some s c i e n t i f i c and commercial work i t i s i m p o r t a n t t o va ry 
t h e depth by 50-100 o r even 1000m, v e r t i c a l l y d u r i n g a d i v e . I f such a 
v a r i a t i o n were to be r e p e a t e d more than once , i t would consume a s i g n i f i c a n t 
q u a n t i t y of t h e a v a i l a b l e v a r i a b l e buoyancy on each c y c l e ; t h u s t h r u s t e r s 
would have to be u sed . S ince t h e v e r t i c a l t h r u s t e r s a r e u s u a l l y s m a l l e r than 
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t h e main moto r , and t h e s u r f a c e a r ea of t h e v e h i c l e in t h e h o r i z o n t a l p lane 
i s l a r g e , t h i s p r o c e s s i s i n e f f i c i e n t and consumes v a l u a b l e s t o r e d energy . 
The p r o v i s i o n of adequa te v a r i a b l e buoyancy d u r i n g a d ive i s thus 
a s t r i c t l y l i m i t e d commodity in e x i s t i n g s u b m e r s i b l e s , and l i m i t s t h e i r 
working c a p a c i t y . 
Summary 
The q u e s t i o n of f i x e d and v a r i a b l e buoyancy may seem a minor a s p e c t 
of deep s u b m e r s i b l e d e s i g n , and one n o t a s s o c i a t e d wi th h igh t e c h n o l o g y . 
The s o l u t i o n s adopted by t h e s u c c e s s f u l deep s u b m e r s i b l e s a r e very s imple 
in p r i n c i p l e , and no a l t e r n a t i v e s have been t e s t e d . A l t e r n a t i v e s a r e pumped 
w a t e r o u t of p r e s s u r e v e s s e l s , consuming main eng ine power ; gas g e n e r a t o r s , 
r e q u i r i n g a volume of e x p e n s i v e chemical s t o r e d e n e r g y ; o r a l a r g e r volume of 
l i g h t s t r o n g p r e s s u r e v e s s e l s e x p l o i t i n g t h e p r e s e n t c y c l i n g p r i n c i p l e s . The 
f i r s t s o l u t i o n p l a c e s emphasis on t o t a l s t o r e d e n e r g y ; t h e second r e q u i r e s a 
s p e c i a l energy s o u r c e ; t h e t h i r d aga in p l a c e s emphasis on new m a t e r i a l s f o r 
p r e s s u r e v e s s e l s . 
Fixed and v a r i a b l e buoyancy l i m i t a t i o n s do p l a c e s e v e r e c o n s t r a i n t s 
upon t h e equipment which can be c a r r i e d and t h e work which can be done by 
manned and unmanned v e h i c l e s , and improvements to t h e s e subsys t ems would be 
v e r y b e n e f i c i a l . 
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7 . 8 P r e s s u r e v e s s e l c o n s t r u c t i o n and t e s t i n g and h u l l t h roughpu t s (35) 
This d i s c u s s i o n i s main ly r e l e v a n t to t h e v e h i c l e types cons ide red 
in s e c t i o n s 22, 24 , 26 and 27 , i . e . ROVs, unmanned and manned free-swimming 
v e h i c l e s and towed o r suspended manned s y s t e m s , but o b v i o u s l y does a l s o 
r e f l e c t t h e needs of other sys tems which use p r e s s u r e c a s e s f o r t he c o n t a i n m e n t 
of i n s t r u m e n t s and gases e t c . u n d e r w a t e r . We s h a l l be concerned wi th improved 
m a t e r i a l s and d e s i g n s to w i t h s t a n d t h e e x t e r n a l , h y d r o s t a t i c , p r e s s u r e o n l y . 
T r a d i t i o n a l l y t h e d e s i g n of submar ine p r e s s u r e h u l l s has c e n t r e d a round 
t h e r i n g - s t i f f e n e d s t e e l c y l i n d e r . Such a d e s i g n i s a d e q u a t e f o r modest d e p t h s 
where c o l l a p s e l i m i t s a r e s e t by E u l e r i a n buck! ing c o n s i d e r a t i o n s . In deep 
w a t e r s , however , between 2000 - 6000 m, c o l l a p s e w i l l o c c u r when t h e y i e l d 
s t r e n g t h of t h e hu l l m a t e r i a l i s r eached in compres s ion . With a l l con tempora ry 
m a t e r i a l s t h i s means t h a t t h e s h e l l t h i c k n e s s r e q u i r e d t o l i m i t compress iona l 
s t r e s s w i l l a l s o e n s u r e s t a b i l i t y from b u c k l i n g . The mos t e f f i c i e n t s h a p e , 
i n terms of we igh t to d i s p l a c e m e n t r a t i o , f o r such deep p r e s s u r e v e s s e l s i s 
a s p h e r e , and t h i s has been u n i v e r s a l l y adopted f o r g r e a t d e p t h s . Ear ly 
s u b m e r s i b l e s , and some contemporary o n e s , have used s t e e l of va ry ing p r o o f . 
s t r e s s g rades (HY-80 to HY-120) and s t r e n g t h s from 700 - 1000 MNm"^, but 
t h e r e has been a r e c e n t c o n v e r s i o n to medium s t r e n g t h t i t a n i u m a l l o y s c o n t a i n i n g 
a luminium, molybdenum and o t h e r a d d i t i o n s . These have s t r e n g t h s of 760 - 790 MMm" . 
a l t h o u g h h i g h e r s t r e n g t h v e r s i o n s a r e a v a i l a b l e , t hey t e n d to be s u s c e p t i b l e t o 
s t r e s s c o r r o s i o n c r a c k i n g and hydrogen e m b r i t t l e m e n t . C a l c u l a t i o n s show t h a t 
wi th a s a f e t y f a c t o r of 2 on t h e above s t r e n g t h f i g u r e s ( p u r p o s e l y c o n s e r v a t i v e 
because t h e quoted s t r e n g t h s have not been d e r a t e d f o r impac t damage, k n o t c h i n g , 
o u t - o f - r o u n d n e s s e t c . ) a 2 m d i a m e t e r s p h e r i c a l hu l l r e q u i r e d f o r 6000 m in 
s t e e l w i l l be n e g a t i v e l y buoyant and i n t i t a n i u m w i l l be j u s t p o s i t i v e l y b u o y a n t . 
The e q u i v a l e n t c y l i n d e r s in s t e e l and t i t a n i u m w i l l both be n e g a t i v e l y buoyant 
f o r 6000 m. In t h e s e des ign c a s e s c o n s i d e r a b l e a d d i t i o n a l buoyancy w i l l be 
r e q u i r e d by f r e e v e h i c l e s to e n a b l e them to c a r r y a p r a c t i c a l u s e f u l l o a d . 
S i m i l a r c a l c u l a t i o n s made f o r carbon f i b r e r e i n f o r c e d c o m p o s i t e s , assuming a 
compress iona l s t r e n g t h of 760 MNm g i v e a d i f f e r e n t p i c t u r e , t h e we igh t to 
d i s p l a c e m e n t r a t i o s a r e 0 . 3 5 and 0 . 4 5 f o r a s p h e r e and c y l i n d e r r e s p e c t i v e l y , 
g i v i n g good buoyancy m a r g i n s . 
We b e l i e v e t h a t t h e pe r fo rmance of s t e e l or t i t a n i u m i s i n a d e q u a t e f o r 
t h e d e s i g n of f r e e v e h i c l e s c a p a b l e of o p e r a t i n g f o r e x t e n d e d p e r i o d s a t d e p t h s 
app roach ing 6000 m. In o r d e r to p r o v i d e f o r a r e a l i s t i c payload i t w i l l be 
n e c e s s a r y to deve lop p r e s s u r e v e s s e l s i n composi te m a t e r i a l s . P o s s i b l e 
c o n t e n d e r s i n c l u d e carbon and g r a p h i t e r e s i n compos i t es and t h e metal compos i t e s 
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such as Boron Tungsten and g r a p h i t e r e i n f o r c e d a luminium which a r e under 
deve lopment . The h y b r i d i s e d sys tems i n v o l v i n g c a r b o n , g r a p h i t e and K e v l a r , 
t o g e t h e r in an impregnated t a p e , and deve loped f o r t h e a e r o s p a c e i n d u s t r y , 
shou ld a l s o be i n v e s t i g a t e d . I t w i l l be n e c e s s a r y to u n d e r t a k e development 
programmes to a s s e s s t h e q u a l i t y which can be r e l i a b l y o b t a i n e d in t h e l a y - u p 
and winding of l a r g e v e s s e l s , t o i n v e s i g a t e t h e a d d i t i o n a l s t r e s s e s in f i b r e s 
due to end l o a d i n g s and s u p p o r t s , and to c a r r y o u t f u r t h e r work on t h e e f f e c t 
of h igh p r e s s u r e sea wa te r on f i b r e s t r e n g t h under c y c l i n g c o n d i t i o n s . I t 
may be n e c e s s a r y to c o n s i d e r ways in which such c o m p o s i t e s can be e f f e c t i v e l y 
s e a l e d from sea w a t e r , p a r t i c u l a r l y end s e c t i o n s and m a t i n g s u r f a c e s . 
We b e l i e v e i t w i l l be i m p o r t a n t to p r o v i d e v e r y much b e t t e r h a b i t a b i l i t y 
i n manned s u b m e r s i b l e s of t h e f u t u r e , which could be d e s i g n e d f o r ex tended 
o p e r a t i o n s a t deep commercial o r s c i e n t i f i c work s i t e s . In t h i s c o n t e x t t h e 
c y l i n d r i c a l p r e s s u r e hu l l i s much more a t t r a c t i v e than a m u l t i - s p h e r i c a l d e s i g n , 
e . g . t h e DSRV, of t h e same i n t e r n a l d i a m e t e r . I t may we l l be t h a t wi th t h e u s e 
of e f f i c i e n t compos i t e s t h i s cou ld become a r e a l i t y . What i s a l s o needed i s a 
comparable improvement in v i ewing . A g r e a t dea l of work has been unde r t aken 
by t h e US Navy in t h e 60's and 70 ' s on t h e development o f s p h e r i c a l s e c t o r 
a c r y l i c windows and t h e i r moun t ings . I t w i l l be i m p o r t a n t to c o n t i n u e t h i s 
work i n t o t h e deep ocean so t h a t t h e maximum f i e l d of v iew i s a v a i l a b l e a t 
f u l l o c e a n i c d e p t h s . The l i m i t a t i o n s of a c r y l i c should be a s s e s s e d and o t h e r 
m a t e r i a l s , i n c l u d i n g g l a s s / a c r y l i c sandwich c o n s t r u c t i o n s , g l a s s ce ramic and 
c h e m i c a l l y s t r e n g t h e n e d g l a s s e s should be i n v e s t i g a t e d , deve loped and t e s t e d . 
Suppor t mountings must a l s o be deve loped which e n s u r e even edge l o a d i n g s under 
changing h y d r o s t a t i c p r e s s u r e s . Aerospace f i r m s shou ld be a b l e t o c o n t r i b u t e 
t o both t h i s work and t h e r e q u i r e d developments in c o m p o s i t e p r e s s u r e v e s s e l 
c o n s t r u c t i o n . 
The e f f e c t of hu l l p e n e t r a t i o n th rough t h e new m a t e r i a l s w i l l a l s o 
need to be s t u d i e d . Methods of con t a inmen t of p o t e n t i a l l y high s t r e s s a r e a s 
around any p i p e o r c a b l e p e n e t r a t o r must be u n d e r s t o o d , and ' f i n g e r ' p e n e t r a t o r s 
need to be developed to a l l o w c r y o g e n i c l i q u i d s to pas s th rough compos i t e s 
w i t h o u t c aus ing any pe r fo rmance d e t e r i o r a t i o n . 
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7 . 9 Data t e l e m e t r y (36) 
Data t e l e m e t r y i s e s s e n t i a l f o r most v e h i c l e t y p e s and h i g h l y d e s i r a b l e 
f o r t h e r e m a i n d e r ; even an autonomous moon- lander v e h i c l e i s l i k e l y to r e q u i r e 
some t e l e m e t r y to e n s u r e t h a t i t i s working c o r r e c t l y a f t e r deployment . The 
d a t a to be t r a n s m i t t e d i s l i k e l y to c o n s i s t of a m i x t u r e of v e h i c l e h o u s e k e e p i n g , 
i n s t r u m e n t o u t p u t s , o u t p u t s f rom o p t i c a l and a c o u s t i c imaging systems and a 
v o i c e l i n k . H i s t o r i c a l l y , m u l t i c h a n n e l t e l e m e t r y sys t ems have developed from 
pure ana logue t e c h n i q u e s , wi th f r e q u e n c y m u l t i p l e x i n g t o a l l o w m u l t i p l e c h a n n e l s , 
towards a l l - d i g i t a l sy s t ems . We s h a l l assume t h a t f u t u r e r e q u i r e m e n t s in t h i s 
f i e l d w i l l be met by a l l d i g i t a l s y s t e m s . 
The d a t a r a t e r e q u i r e d v a r i e s over a wide r a n g e , which can be rough ly 
d i v i d e d i n t o low, medium and high d a t a r a t e s as f o l l o w s : 
Data type R a t e , b i t s sec • 1 
V e h i c l e housekeeping 
Geo techn ica l i n s t r u m e n t s 
Voice l i n k 
Mixed s c i e n t i f i c payload 
S low-scan v ideo 
Deep-towed mul t i channel 
Se i smic p r o f i l e r 
B r o a d c a s t s t a n d a r d 
Colour v ideo 
lo-" 
3 X i c / 
10^ 
3 X l o ' 
20 X 10^ 
10' 
low r a t e 
medium r a t e 
h igh r a t e 
We a r e concerned wi th v e h i c l e o p e r a t i n g d e p t h s f rom 2000 - 5000 m, and 
s l a n t r a n g e s from say 2000 - 10 ,000 m may a l s o be i n v o l v e d . At t h e s e dep ths and 
ranges use of e l e c t r o m a g n e t i c waves i s r u l e d o u t by t h e h i g h l y conduc t i ng medium. 
T ransmis s ion must be e i t h e r a c o u s t i c or by a c a b l e , where t h e ' c o n d u c t o r ' i n t h e 
c a b l e may be e i t h e r by c o n v e n t i o n a l e l e c t r i c a l means or by t h e use of a f i b r e -
o p t i c l i g h t g u i d e . 
The per fo rmance of a c o u s t i c t e l e m e t r y sys tems i s s e v e r e l y l i m i t e d by 
t h e r a p i d i n c r e a s e of sound a t t e n u a t i o n wi th f r e q u e n c y i n sea w a t e r . This 
problem i s e x a c e r b a t e d by t e c h n o l o g i c a l f a c t o r s which l i m i t t h e p e r c e n t a g e 
working bandwidth which can be a c h i e v e d . The e f f e c t of t h i s l i m i t a t i o n i s t o 
f o r c e up t h e h i g h e s t f r e q u e n c y of t h e a c o u s t i c s i g n a l , i n c u r r i n g h i g h e r 
a t t e n u a t i o n than would o t h e r w i s e be t h e c a s e . Such sys t ems a l s o s u f f e r from 
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m u l t i p a t h i n t e r f e r e n c e e f f e c t s caused by r e f l e c t i o n f rom t h e seabed and s u r f a c e . 
This can be a major problem in t h i s t ype of a p p l i c a t i o n , p a r t i c u l a r l y where 
some h o r i z o n t a l t r a n s m i s s i o n i s invo lved and sou rce and r e c e i v e r a r e l i k e l y 
to be nea r t h e bounda r i e s of t h e w a t e r column. These d i f f i c u l t i e s can be 
m i t i g a t e d by keeping t h e a c o u s t i c pa th as s h o r t as p o s s i b l e , by t h e use of 
d i r e c t i v e t r a n s d u c e r s and by t h e use of coded s i g n a l s i n t r a n s m i s s i o n b u r s t s . 
However, even wi th t h e b e s t de s igned s y s t e m s , t h e p r a c t i c a l d a t a r a t e s wi l l 
be in t h e low d a t a r a t e c a t e g o r y . To improve the p e r f o r m a n c e of a c o u s t i c 
t e l e m e t r y in deep wa te r i t i s i m p o r t a n t t h a t e f f i c i e n t wide-band t r a n s d u c e r s 
a r e developed f o r use a t g r e a t d e p t h s , t h a t d i r e c t i v i t y i s improved and f u r t h e r 
work i s c a r r i e d o u t on s e c u r e m u l t i - f r e q u e n c y coding t e c h n i q u e s with e r r o r 
d e t e c t i o n . There i s a c o n s i d e r a b l e corpus of naval r e s e a r c h in r e l e v a n t f i e l d s , 
bu t i t i s o f t e n d i f f i c u l t t o o b t a i n . 
T ransmiss ion of o c e a n o g r a p h i c d a t a th rough c a b l e s of 7000 m l e n g t h 
a t a few thousand b i t s per second i s a l r e a d y s t a n d a r d p r a c t i c e . To meet t he 
m a j o r i t y of v e h i c l e r e q u i r e m e n t s , t he c a b l e l e n g t h needs t o be ex tended to 
10,000 m, and t h e d a t a r a t e i n c r e a s e d by s e v e r a l o r d e r s o f magni tude . In 
most c a s e s t h e v e h i c l e u m b i l i c a l c a b l e has to w i t h s t a n d s u b s t a n t i a l t e n s i l e 
l o a d s . Under t h e s e c i r c u m s t a n c e s t h e most e f f i c i e n t d e s i g n i s of c o a x i a l 
form wi th s o l i d p ropy lene d i e l e c t r i c and e x t e r n a l t o r q u e - b a l a n c e d h e l i c a l 
l a y e r s of s t e e l o r k e v l a r to accommodate t h e s e l o a d s . C u r r e n t oceanograph ic 
sys tems use w e l l - l o g g i n g c a b l e s of 6 - 10 mm d i a m e t e r . The 10 mm w i r e , wi th 
an e l e c t r i c a l c o r e of 5 mm d i a m e t e r , has 80 dB l o s s o v e r 7000 m a t 200 kHz. 
The r e c e i v e d s i g n a l , power may have to be as high as 10~® W to overcome thermal 
no i se and e l e c t r i c a l i n t e r f e r e n c e so 1 W w i l l need to be t r a n s m i t t e d . With 
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an upper f r e q u e n c y l i m i t of 200 kHz t h e maximum d a t a r a t e i s 1 .5 x 10 b i t s 
per s e c o n d . Larger d i a m e t e r c a b l e s would improve on t h i s , bu t i t i s u n l i k e l y 
t h a t c a b l e s in excess of 25 mm could be e a s i l y accommodated by t h e mother 
s h i p s e n v i s a g e d , such a c a b l e cou ld pass 10^ b i t s per s e c o n d . Such c a b l e s 
would be a c c e p t a b l e f o r medium d a t a r a t e s . 
Recent a t t e n t i o n has t u r n e d to o p t i c a l f i b r e t e c h n o l o g y f o r use in 
u m b i l i c a l c a b l e s . Using a graded index g l a s s f i b r e , l o s s e s of t h e o r d e r of 
1 dB/km a r e p o s s i b l e p e r m i t t i n g b i t r a t e s g r e a t e r than 10^ S ^ to s e r v i c e 
high q u a l i t y v ideo needs e t c . At t h i s s t a g e of deve lopment c e r t a i n m a n u f a c t u r e r s 
of ROVs have i n t r o d u c e d o p t i c a l f i b r e s i n t o s h o r t l e n g t h u m b i l i c a l s on a t r i a l 
b a s i s . M a n u f a c t u r e r s a r e r e l u c t a n t to g u a r a n t e e minimum t e n s i l e s t r e n g t h s of 
l e n g t h s g r e a t e r than say 200 m due to m a n u f a c t u r i n g c o n s t r a i n t s . A g r e a t deal 
of work a l s o needs to be done to d e t e r m i n e t h e b e s t ' p a c k a g i n g ' of t h e f i b r e 
by 
and i t s optimum form of l a y in t h e u m b i l i c a l to p r o t e c t i t from t e n s i l e or 
bending s t r e s s e s . Proper t e s t i n g p rocedure s f o r d i f f e r e n t l a y s and f o r long 
l e n g t h s a r e r e q u i r e d , backed by o p e r a t i o n a l e x p e r i e n c e . This would r e q u i r e 
an e l a b o r a t e and e x p e n s i v e development programme, a l t h o u g h l i k e the a c o u s t i c 
problem, t h e r e could be h e l p from naval i n t e r e s t s ( see a l s o s e c t i o n 7 . 3 ) . 
7 .10 Human c o n t r o l , s e n s o r y d a t a , f e e d b a c k , p i l o t i n g , d a t a d i s p l a y (37) 
Some bottom l a n d i n g i n s t r u m e n t s do no t p r o v i d e any da t a u n t i l they 
p h y s i c a l l y r e t u r n , and i t i s p o s s i b l e to e n v i s a g e an u n t e t h e r e d ROV which i s 
c o m p l e t e l y pre-programmed through i t s whole working c y c l e u n t i l i t r e t u r n s 
to t h e s u p p o r t v e s s e l . However, in t h e genera l c a s e , t h e r e i s a need to 
p r o v i d e a human s u p e r v i s o r , e i t h e r wi th e n g i n e e r i n g / h o u s e k e e p i n g d a t a , or 
w i th r e a l t ime expe r imen ta l o r s e n s o r y c o n t r o l d a t a . 
During Subtech '83 i t was s t r e s s e d t h a t (with t h e e x c e p t i o n s above) 
t h e r e i s a lways a human being in t h e l o o p ; whether i n a p i l o t ' s s e a t in a 
s u b m e r s i b l e l ook ing o u t th rough a p o r t , i n t h e c o n t r o l c a b i n of a ROV viewing 
v ideo s c r e e n s and numerical d i s p l a y s , o r in a l a b o r a t o r y check ing t h e r e a l -
t ime o u t p u t of measur ing s e n s o r s . The d i f f e r e n c e i s t h e d i s t a n c e of t h e 
human be ing from t h e p o i n t of work, and t h e amount of d a t a s u p p l i e d ( s e e a l s o 
s e c t i o n 7 . 5 on v ideo sys tems and 7 . 9 on d a t a t e l e m e t r y ) . 
Where t h e p i l o t i s o p e r a t i n g a slow-moving s u b m e r s i b l e by v i s u a l 
methods , t h e d e s i g n of t h e c o n t r o l s i s a k i n to t h e d e s i g n of an a i r c r a f t 
f l i g h t deck . Good fo rward v i s i o n i s e s s e n t i a l , and e r g o n o m i c a l l y des igned 
a c c e s s t o a l l t h e i m p o r t a n t o p e r a t i n g sys tems and emergency c o n t r o l s i s 
r e q u i r e d . The French s o l u t i o n (Soucoupe, Cyana, SM 97) has t r a d i t i o n a l l y 
had t h e p i l o t and o b s e r v e r l y i n g down on shaped couches so t h a t t h e i r heads 
a r e c l o s e to t h e downward-angled viewing p o r t s . This g i v e s e x c e l l e n t v i s i o n 
th rough small p o r t s , bu t l i m i t e d a c c e s s to c o n t r o l s u n l e s s t h e p i l o t l i f t s 
back from t h e p o r t h o l e . La rge r v e h i c l e s , e s p e c i a l l y t h o s e working i n s h a l l o w e r 
w a t e r , where l a r g e h e m i s p h e r i c a l v iewing p o r t s a r e p o s s i b l e , may have t h e p i l o t 
and o b s e r v e r s i t t i n g in c o m f o r t a b l e s e a t s o p e r a t i n g a i r c r a f t - t y p e i n s t r u m e n t 
a r r a y s . S ince deep v e h i c l e s a r e p robab ly going to be l i m i t e d to small viewing 
p o r t s , t h e French l a y - o u t may be i n e v i t a b l e . If a l a r g e deep -ocean v e h i c l e 
were to be b u i l t , a s i t t i n g p o s i t i o n would p robab ly be n e e d e d , in o r d e r to be 
c o m p a t i b l e wi th e n d u r a n c e , crew s h i f t s , and communica t ions between crew members. 
Forward and downward v i s i o n could be p rov ided by a c o m b i n a t i o n of p o r t h o l e s and 
v i d e o . 
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On a manned v e h i c l e f u r t h e r d a t a and f e e d b a c k may be needed on 
a t t i t u d e , p o s i t i o n of t o o l s , and m a n i p u l a t o r f o r c e s ( s e e s e c t i o n 7 .4 on 
m a n i p u l a t o r s ) . Research v/as conduc ted in t h e l a t e 50s and e a r l y 70s on 
i n t e g r a t e d t h r u s t e r c o n t r o l s to p rov ide p i l o t s wi th s i m p l e c o n t r o l s , good 
f e e d b a c k , and d a t a d i s p l a y s on a t t i t u d e , e s p e c i a l l y i n c o n n e c t i o n wi th t h e 
Deepquest and t h e DSRVs (Avalon and M y s t i c ) . In p r a c t i c e , s u b m e r s i b l e p i l o t s 
can become adep t a t manoeuvring such slow v e h i c l e s w i t h q u i t e s imple o n - o f f 
sw i t ch boxes , and t h e s u c c e s s f u l manoeuvring of a v e h i c l e - f o r example 
mat ing a DSRV onto a m i l i t a r y submarine - depends as much on t h e r e g u l a r and 
r e p e a t e d e x p e r i e n c e of t h e p i l o t as on t h e s o p h i s t i c a t i o n of t h e c o n t r o l s . 
For ROVs t h e volume and q u a l i t y of d a t a d i s p l a y e d to t h e o p e r a t o r 
i s a l s o a q u e s t i o n of r e s e a r c h and deve lopment . Where t h e s u b m e r s i b l e p i l o t 
can s e n s e a c c e l e r a t i o n , d e c e l e r a t i o n , and r o t a t i o n , a s wel l as o b s e r v e 
th rough t h e p o r t h o l e w i th d e p t h - p e r c e p t i o n and p a r a l l a x , t h e ROV o p e r a t o r 
on ly has f l a t v ideo images , and numerical o r ana logue d i s p l a y s of a t t i t u d e 
and movement. In p r a c t i c e , o p e r a t o r s work e f f i c i e n t l y w i t h t h e l i m i t e d d a t a , 
bu t c o n s i d e r a b l e r e s e a r c h i s be ing conducted i n t o t h e improvements which might 
be o b t a i n e d by b e t t e r d a t a and r e a l i s t i c v i s u a l s i m u l a t i o n . Var ious combina-
t i o n s of s t e r e o - v i s i o n , p a r a l l a x g e n e r a t i o n , w i d e - a n g l e p l u s n a r r o w - a n g l e 
v i e w i n g , ho log raphy , e t c . a r e being t r i e d . F u r t h e r e rgonomic r e s e a r c h i s 
needed to q u a n t i f y t h e working advan t ages in te rms of speed and a c c u r a c y which 
can be o b t a i n e d by t h e d i f f e r e n t sy s t ems . 
With ROVs t h e problem of p r o v i d i n g a s u f f i c i e n t d a t a r a t e may be a 
s i g n i f i c a n t f a c t o r , but wi th u n t e t h e r e d ROVs t h e problem of d a t a t r a n s m i s s i o n 
f o r both , c o n t r o l and e x p e r i m e n t a l measurements becomes e x t r e m e l y s e r i o u s . For 
v ideo t r a n s m i s s i o n by a c o u s t i c methods t h e h i g h e s t p i c t u r e r a t e i s a b o u t 1 
p i c t u r e eve ry 15 s e c o n d s , whereas t h e minimum p i c t u r e r a t e f o r good c o n t r o l 
i s 4 f r ames per s e c o n d . Russe l l e t al (1983 Subtech) s u g g e s t a t e t h e r e d ROV 
communicat ing w i th a UROV over s h o r t pa th l e n g t h s of t h e o r d e r of 100 m, us ing 
600 KHz t r a n s m i s s i o n s w i th a d a t a r a t e of lo'^ b i t s / s . Th i s compares wi th a 
slow scan v ideo s t a n d a r d of 3 x 10^ b i t s / s . Even o v e r t h e s e r a n g e s t h e r e a r e 
problems wi th m u l t i p l e pa th d e l a y s . Over . t y p i c a l o c e a n i c r a n g e s and d e p t h s 
of s e v e r a l k i l o m e t r e s , t h e f r e q u e n c y would be l o w e r , and t h e d a t a r a t e ve ry 
much s l o w e r . 
Russe l l a l s o d e s c r i b e d t e c h n i q u e s of bandwidth r e d u c t i o n f o r v ideo 
d a t a t r a n s m i s s i o n , and s u g g e s t e d the use of a r t i f i c i a l i n t e l l i g e n c e w i t h i n 
t h e v e h i c l e to r educe t h e volume of d a t a which would need to be t r a n s m i t t e d 
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i n e i t h e r d i r e c t i o n . Others have sugges t ed a more complex s t r u c t u r e , in which 
a r t i f i c a l i n t e l l i g e n c e i s used in t h e UROV to manage t h e b a s i c c o n t r o l s and 
d a t a l o g g i n g and an a c o u s t i c l i n k i s used to t r a n s m i t a g r e a t l y reduced d a t a 
and c o n t r o l s i g n a l volume to t h e s u p p o r t c o n s o l e ; a t t h e s u p p o r t conso l e a 
second a r t i f i c a l i n t e l l i g e n c e system would be used to r e g e n e r a t e mis s ing o r 
condensed d a t a f o r t h e o p e r a t o r , and a l s o to t a k e i n t o a c c o u n t t h e time d e l a y 
r e s u l t i n g from t h e a c o u s t i c t r a n s m i s s i o n t i m e . Such a sys t em would have to 
be r i g o r o u s l y t e s t e d in r e a l i s t i c c o n d i t i o n s to f i n d o u t t h e b e s t combina t ion 
of ' i n t e l l i g e n c e ' and d a t a f o r m a t which would p r o v i d e t h e r e q u i r e d degree of 
c o n t r o l . 
Summary 
This i s a very w i d e - r a n g i n g s u b j e c t which i s p a r t i c u l a r l y i m p o r t a n t 
f o r t h e c o n t r o l of ROVs and unmanned f ree-swimming v e h i c l e s (UROVs). Any 
s o l u t i o n w i l l be a compromise based on the l i m i t e d ' r e a l i s m ' of v ideo and 
t h e modest o r poor d a t a r a t e s of c a b l e s and a c o u s t i c s r e s p e c t i v e l y . In t h e 
c a s e of UROVs i t i s q u i t e c o n c e i v a b l e t h a t c o n t r o l w i l l be l o s t on o c c a s i o n s 
when t h e a c o u s t i c path i s b l a n k e t e d by a s t r u c t u r a l member. For t h i s and 
o t h e r c a s e s i t w i l l be n e c e s s a r y to invoke the a i d of a r t i f i c i a l i n t e l l i g e n c e 
wi th a t r a c k memory so t h a t t h e v e h i c l e can c o n t r o l i t s e l f back to b a s e . This 
t ype of advanced c o n t r o l , and t h e more gene ra l use of a r t i f i c i a l i n t e l l i g e n c e 
a t e i t h e r end of a low bandwidth l i n k , a r e be ing s t u d i e d by groups in t h e UK, 
bu t more a n a l y s i s i s needed t o s e l e c t t h o s e l i n e s of deve lopment which a r e 
most l i k e l y to succeed ( see a l s o s e c t i o n s 7 . 5 and 7 . 9 ) . 
7 .11 L i f e s u p p o r t (38) 
L i f e s u p p o r t i s no more d i f f i c u l t in deep v e h i c l e s than s h a l l o w o n e s , 
a l t h o u g h we igh t and volume r e s t r a i n t s on the amount of oxygen and s c r u b b e r s 
which may be c a r r i e d may make i t more d i f f i c u l t t o a c h i e v e o b j e c t i v e s . 
C e r t i f i c a t i o n a u t h o r i t i e s ( L l o y d s , Det Norsk V e r i t a s ) l a y down s t a n d a r d s f o r 
a i r p u r i t y , b r e a t h i n g gas e n d u r a n c e , e t c . Total hours of l i f e s u p p o r t f o r 
crew i s u s u a l l y a minimum of 72 h o u r s . S ince t h e normal work ing d i v e f o r a 
small s u b m e r s i b l e i s 5 -8 h o u r s , t h e 72 hour l i f e s u p p o r t i s d e s i g n e d t o p r o v i d e 
a t l e a s t 2 . 5 days of working t ime to m o b i l i s e and c a r r y o u t r e s c u e o p e r a t i o n s 
in t h e e v e n t of a s e r i o u s a c c i d e n t . This p e r i o d was j u s t s u f f i c i e n t in t h e 
c a s e of t h e P i s c e s a c c i d e n t in t h e s o u t h e r n I r i s h Sea i n 1974 . 
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When a s u b m e r s i b l e i s des igned to be autonomous ( f o r example 
A r g y r o n e t e , Seahorse I I ) t h e r e must be crew w a t c h e s , g r e a t e r c o m f o r t , and 
s u i t a b l e s l e e p i n g space. This becomes p r a c t i c a b l e a t a minimum weight in 
a i r of abou t 40 - 50 t o n s . The l i f e s u p p o r t and s u b s i s t e n c e equipment 
becomes a small v e r s i o n of a m i l i t a r y submar ine . For example , the Bruker 
Seahor se 11, which was completed in 1983 f o r work in s h a l l o w w a t e r , has a 
small g a l l e y , bunks , and t o i l e t , as wel l as a small workshop f o r underway 
r e p a i r s . 
Naval submar ine r s a r e s c e p t i c a l of t h e a b i l i t y of companies or 
l a b o r a t o r i e s w i t h o u t m i l i t a r y e x p e r i e n c e to manage and n a v i g a t e s a f e l y with 
m i l i t a r y type submar ine s . The combina t ion of n a v i g a t i o n a l and c o n t r o l 
d i s c i p l i n e , o p e r a t i o n a l ma in tenance and r e l i a b i l i t y , e t c . , p l a c e s s t r e s s e s 
on t h e crew f o r pro longed p e r i o d s which a r e q u i t e u n l i k e t h o s e invo lved in 
t r a d i t i o n a l s u b m e r s i b l e o p e r a t i o n s . They p o i n t o u t t h a t a 50 ton submarine 
c r u i s i n g a t t h e s u r f a c e to r e c h a r g e i t s b a t t e r i e s would be a very u n c o m f o r t a b l e 
c r a f t in a n y t h i n g but t h e c a l m e s t s e a s . In t h e deve lopment and o p e r a t i o n of 
autonomous submar ines o r s u b m e r s i b l e s i t would be an a d v a n t a g e to i n c o r p o r a t e 
a s much m i l i t a r y e x p e r i e n c e as p o s s i b l e . Vickers in B r i t a i n and IKL-Gabler 
in Germany would be in a good p o s i t i o n to p rov ide t h e n e c e s s a r y e x p e r t i s e . 
For autonomous s u b m e r s i b l e s l i f e s u p p o r t r e q u i r e m e n t s s h o u l d be based on 
naval p r i n c i p l e s . 
7 . 1 2 Emergency and b a l e o u t sys tems (39) 
^No s p e c i a l i n v e s t i g a t i o n of emergency sys tems f o r deep ocean v e h i c l e s 
was made d u r i n g t h i s s u r v e y , bu t some gene ra l p o i n t s can be made. In t h e 
e v e n t of buoyancy m a t e r i a l s c r u s h i n g , o r buoyancy compar tments f l o o d i n g , 
a n d / o r l o s s of power, t h e p i l o t should be a b l e to drop s u f f i c i e n t w e i g h t 
t o o b t a i n s t r o n g p o s i t i v e buoyancy. I tems to be dropped i n c l u d e b a t t e r i e s , 
s k i d s , m a n i p u l a t o r arm, s h o t b a l l a s t , t r i m b a l l a s t , e t c . 
A deep ocean s u b m e r s i b l e i s , by d e f i n i t i o n o p e r a t i n g deepe r than 
t h e maximum dep th f o r d i v e r s , and deepe r than t h e maximum d e p t h f o r a l l bu t 
a ve ry few manned v e h i c l e s and ROVs. In o r d e r to maximise s a f e t y in e m e r g e n c i e s , 
l i f e - s u p p o r t t ime should be as long as p o s s i b l e , and t h e v e h i c l e should be 
f i t t e d wi th a c o u s t i c beacons powered i n d e p e n d e n t l y from t h e main power s o u r c e s . 
Recovery o p e r a t i o n s could on ly be c a r r i e d o u t by the a s s i s t a n c e of o t h e r 
v e h i c l e s . In t h e case of some combined expe r imen t s w i t h Cyana and A l v i n , 
e i t h e r v e h i c l e could have a s s i s t e d t h e o t h e r . This c i r c u m s t a n c e i s t h e 
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e x c e p t i o n r a t h e r than t h e r u l e . In g e n e r a l , i f an a c c i d e n t o c c u r r e d , one or 
more ROVs or manned v e h i c l e s , w i th t h e n e c e s s a r y s u p p o r t s h i p s , might have to 
be t r a n s p o r t e d many thousands of m i l e s . In t h e c a s e of t h e I r i s h Sea P i sce s 
a c c i d e n t in 1974 ROVs and s u b m e r s i b l e s were f lown from C a l i f o r n i a , Canada, 
and t h e North Sea to a p o r t in I r e l a n d . The g r e a t e s t d e l a y was in s teaming 
t h e s u p p o r t v e s s e l s back to. t h e p o r t , l o a d i n g t h e v e h i c l e s and t h e i r s u p p o r t 
equ ipment , and r e t u r n i n g to the d i v e s i t e . In t h e e v e n t of an a c c i d e n t to a 
deep ocean s u b m e r s i b l e one thousand m i l e s o r more from l a n d , t h i s d e l a y could 
be a week o r more. 
I t i s no t p o s s i b l e to s u g g e s t easy s o l u t i o n s t o t h e s e problems. I t i s 
r e a s o n a b l e to s u g g e s t t h a t t h e l i f e s u p p o r t f o r deep ocean s u b m e r s i b l e s should 
be s i g n i f i c a n t l y more than 72 h o u r s , u n l e s s an ROV or a n o t h e r submer s ib l e wi th 
a s i m i l a r dep th c a p a b i l i t y i s c l o s e t o hand , o r on the same s u p p o r t s h i p . 
I f an autonomous submarine were c o n s i d e r e d f o r deep ocean work, t he 
s a f e t y problems c r e a t e d would be q u i t e new. This a n a l y s i s s u g g e s t s t h a t even 
i f a deep ocean v e h i c l e were des igned f o r pro longed d u r a t i o n d i v e s of s e v e r a l 
d a y s , i t should be suppor t ed by a mother s h i p w i th a deep d i v i n g ROV a v a i l a b l e . 
I t shou ld a l s o be p o s s i b l e to p r o v i d e a G a b l e r - t y p e e s c a p e c a p s u l e on the 
l a r g e r d e s i g n of autonomous submar ine . 
7 . 1 3 S u r f a c e s u p p o r t s h i p s , p l a t f o r m s and hand l ing s y s t e m s (40) 
Two oppos ing t r e n d s can be obse rved in s u r f a c e s u p p o r t . S ince t h e 
s u r f a c e s u p p o r t s h i p i s t h e most c o s t l y p a r t of most submers ib le /ROV/Oceanograph ic 
o p e r a t i o n s , t h e f i r s t approach i s t o make t h e unde rwa te r i n t e r v e n t i o n system a s 
l i g h t and small as p o s s i b l e , and to t r y and o p e r a t e f rom n o n - s p e c i a l i s t v e s s e l s . 
At t h e o p p o s i t e e x t r e m e , s u p p o r t s h i p s have been b u i l t f o r s u b m e r s i b l e and ROV 
o p e r a t i o n s which u t i l i s e moon-pools and l a r g e s t e r n A - f r a m e s and dynamic 
p o s i t i o n i n g in o r d e r to maximise t h e chances of l a u n c h i n g , o p e r a t i n g and 
r e c o v e r i n g t h e v e h i c l e r e g a r d l e s s of sea s t a t e . A t h i r d , and very d i f f e r e n t 
o p t i o n i s to abandon s u r f a c e s u p p o r t a l t o g e t h e r , and c o n d u c t an autonomous 
submerged o p e r a t i o n . 
I t i s not p o s s i b l e to a n a l y s e t h e s e q u e s t i o n s f u l l y in t h i s r e p o r t , 
but t h e i r a d v a n t a g e s and d i s a d v a n t a g e s w i l l be summarised b r i e f l y below. 
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L igh t we igh t wi th s h i p of o p p o r t u n i t y 
The s m a l l e s t s u b m e r s i b l e c a p a b l e of d i v i n g below 2000 m i s Cyana wi th 
a w e i g h t i n a i r of 9 t o n n e s . A more t y p i c a l we igh t i s 15 - 25 t o n n e s . ROVs 
f o r deep wa te r in most c a s e s a r e l i n k e d to a cage o r g a r a g e which, more than 
doub le s t h e we igh t of t h e a c t u a l powered v e h i c l e ; to t h i s has to be added t h e 
c o n t r o l c a b l e , c a b i n , and o p e r a t o r ' s c o n s o l e , which t y p i c a l l y r e s u l t s in t h e 
a l l - u p system w e i g h t be ing abou t 10 - 15 t imes t h e w e i g h t of t h e components 
which a r e launched i n t o t h e w a t e r . Total on-board we igh t r a n g e s from 3 tonnes 
t o 30 t o n n e s . 
In e i t h e r c a s e , a v e s s e l of s e v e r a l hundred t o n n e s would be the minimum 
f o r s u p p o r t in a calm sea; t o e n s u r e s a f e l aunch and r e c o v e r y in a rough s e a , 
t h e v e s s e l would have to be 1000 tonnes o r more. Thus, where deep wate r 
o p e r a t i o n s a r e c o n c e r n e d , t h e s e a r c h f o r cheap s o l u t i o n s must be somewhat 
i l l u s o r y . S ince deep wa te r o p e r a t i o n s a r e bound to be a s s o c i a t e d wi th e x p e n s i v e 
r e s e a r c h p r o j e c t s p lanned over many months o r y e a r s , o r w i t h commercial a c t i v i t i e s 
i n v o l v i n g ve ry high down-time c o s t s , t h e r i s k of c o n d u c t i n g o p e r a t i o n s from 
an u n s u i t a b l e v e s s e l and l o s i n g a high p r o p o r t i o n of o n - s i t e working t ime due 
to bad wea the r i s p robab ly too g r e a t . 
Expe r i ence wi th UROVs i s ve ry l i m i t e d , bu t s i n c e t h e y do no t r e q u i r e 
l a r g e c a b l e w i n c h e s , o r o n - l i n e v ideo and c o n t r o l s y s t e m s , i t i s p o s s i b l e t h a t 
t hey might be o p e r a t e d from c o n v e n t i o n a l r e s e a r c h o r m i l i t a r y v e s s e l s wi th a 
minimum of m o d i f i c a t i o n . 
S p e c i a l i s t s h i p o r p l a t f o r m 
The most s u c c e s s f u l deep ocean s u b m e r s i b l e s have been o p e r a t e d from 
s p e c i a l l y des igned o r adap ted s h i p s . Alv in d i v e s from t h e ca tamaran pontoon 
v e s s e l "Lu lu" ; Cyana i s launched v i a l a r g e A-f rames from CNEXO r e s e a r c h s h i p s ; 
Deepquest has an e x t r e m e l y e l a b o r a t e l a u n c h i n g v e s s e l wi th a f l o o d a b l e r e a r 
s e c t i o n . In s h a l l o w e r w a t e r t h e P i s c e s and S l i n g s b y commercial v e h i c l e s 
working main ly in t h e North Sea and o t h e r European w a t e r s have a l l been 
o p e r a t e d from c o n v e r t e d s t e r n t r a w l e r s wi th l a r g e s t e r n A - f r a m e s and m o d i f i e d 
deck space a f t . Saipem o p e r a t e s s u b m e r s i b l e s , ROVs, and d i v e r o b s e r v a t i o n 
and s a t u r a t i o n b e l l s in t h e North Sea from s p e c i a l s u p p o r t s h i p s w i th a moon-
pool and A-frame such as t h e 5000- tonne v e s s e l 'Ragnus D u e ' . S p e c i a l i s t s emi -
s u b m e r s i b l e mobi le p l a t f o r m s have r e c e n t l y been i n t r o d u c e d i n t h e North Sea 
to s u p p o r t s a t u r a t i o n d i v i n g , f i r e - f i g h t i n g , s a l v a g e o p e r a t i o n s , and o t h e r 
emergency a c t i v i t i e s . 
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S p e c i a l i s t v e s s e l s wi th dynamic p o s i t i o n i n g , d e s i g n e d launch e q u i p m e n t , 
and e x c e l l e n t on-board main tenance f a c i l i t i e s , l a b o r a t o r i e s , and da t a p r o c e s s i n g 
equipment a r e ve ry e x p e n s i v e . Yet t h e r e t u r n i n t h e fo rm of a lmost g u a r a n t e e d 
o p e r a t i n g t ime on s i t e has proved compe l l ing in t h e commercial w o r l d , t o t h e 
US m i l i t a r y , and in t h e US and French r e s e a r c h s e c t o r s . 
Most work by ROVs in w a t e r dep ths l e s s than 1000m has been in 
s u p p o r t of o i l - f i e l d o p e r a t i o n s o r naval r e q u i r e m e n t s . In both ca se s powerfu l 
and w e l l - e q u i p p e d w o r k - b o a t s , supp ly b o a t s , su rvey v e s s e l s , t u g s , e t c . a r e 
g e n e r a l l y a v a i l a b l e . Thus, a l t h o u g h ROVs a r e r o u t i n e l y o p e r a t e d from v e s s e l s 
which were n o t des igned t o s u p p o r t them, t h e s u p p o r t v e s s e l s a r e s u b s t a n t i a l 
and have e x c e l l e n t power and back-up f a c i l i t i e s . S ince t h e ROV w i l l r e q u i r e 
i t s own launch f r a m e , c a b l e and winch , as well as t h e c o n t r o l cab in and 
ma in tenance equ ipment , t h i s i s i m p o r t a n t . For work d e e p e r than lOOOm, as 
in t h e c a s e of t h e Dual Hydra 2500 working on t h e She l l d r i l l i n g o p e r a t i o n 
o f f New J e r s e y in 1983, t h e ROV s u p p o r t was i n t e g r a t e d i n t o t h e deck equipment 
of t h e D i s c o v e r e r Seven S e a s , a dynamica l l y p o s i t i o n e d d r i l l s h i p . The ROV 
was l aunched from i t s own A - f r a m e , 5m above t h e w a t e r s u r f a c e , and t h e 
cage-plus-ROV descended a t a u t g u i d e - w i r e , ( F r i s b i e , 1 9 8 3 ) . 
For deep w a t e r work w i th ROVs in f u t u r e i t i s p r o b a b l e t h a t t h e b e s t 
s u r f a c e p l a t f o r m s w i l l e i t h e r be e x i s t i n g s p e c i a l i s e d s u p p o r t v e s s e l s , or 
s p e c i a l l y b u i l t v e s s e l s des igned t o s u p p o r t underwate r i n t e r v e n t i o n v e h i c l e s . 
Autonomous v e h i c l e s 
Some a n a l y s t s have conc luded t h a t s i n c e cheap s u r f a c e s u p p o r t i s no t 
r e l i a b l e , and good s u r f a c e s u p p o r t i s ve ry e x p e n s i v e , t h e b e s t s o l u t i o n i s 
t o work c o m p l e t e l y submerged. The arguments c o n c e r n i n g s a f e and economic 
o p e r a t i o n of n o n - m i l i t a r y autonomous submar ines a r e complex and u n r e s o l v e d . 
However, assuming t h a t e f f i c i e n t and economic v e h i c l e s o f 50-500 tonnes 
could be o p e r a t e d t o dep ths of t h e o r d e r of 1000~2000m, t h e y cou ld l o g i c a l l y 
form i d e a l launch and c o n t r o l p l a t f o r m s f o r e i t h e r ROVs, o r s m a l l e r and deeper 
working s u b m e r s i b l e s . The l o g i c of t h i s depends upon w h e t h e r i t i s r e a l l y 
cheape r and more e f f i c i e n t t o s u p p o r t t h e s m a l l e r sys tem from a submar ine 
which i s f r e e of wave a c t i o n , o r f rom t h e sea s u r f a c e . Th i s kind of " p i g g y - b a c k " 
system migh t be t e s t e d f i r s t under i c e in t h e Canadian A r c t i c . Haas and Kern 
(1983) s t a t e t h a t a 46 tonne 460m depth v e h i c l e can be b u i l t f o r autonomous 
work a t a c o s t of $3 m i l l i o n , and t h a t a deepe r and l a r g e r v e h i c l e cou ld be 
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b u i l t f o r £4 m i l l i o n . This i s an o r d e r of magni tude l e s s than a dynamica l ly 
p o s i t i o n e d p u r p o s e - b u i l t d i v i n g or s u b m e r s i b l e s u p p o r t s h i p . 
7 .14 Land, sea o r a i r t r a n s p o r t a b i l i t y (41) 
Deep ocean s u b m e r s i b l e s t y p i c a l l y weigh 9-50 t o n n e s in a i r . ROVs w i t h 
s u p p o r t equ ipment , t y p i c a l l y weigh 4 -40 tonnes f o r work below 1000m. The UROV 
E p a u l a r d , weighs 3 t o n n e s . Bottom l a n d e r s t y p i c a l l y weigh a few t o n n e s , o r 
l e s s t h a n 1 t o n n e . 
Ease of t r a n s p o r t a b i l i t y i s an i m p o r t a n t f a c t o r in e n s u r i n g e f f e c t i v e 
and economic u se . This i n c l u d e s c o n s i d e r a t i o n of t r a n s p o r t by r o a d , r a i l and 
a i r , a s wel l as c r anage f o r l i f t i n g on to a s h i p , and l a u n c h and r e c o v e r y a t s e a . 
The DSRVs (Myst ic and Avalon) each weigh 25 t o n n e s , and can be t r a n s p o r t e d 
by a i r in l a r g e m i l i t a r y a i r c r a f t , and by r o a d . A t r i a l was conducted in t h e 
Clyde in August 1983, when a DSRV was f lown from San Diego to P r e s t w i c k , and 
then t r a n s p o r t e d by road t o Cou lpo r t on t h e Clyde . The DSRV was then mounted 
on t h e RN Submarine "Revenge" f o r d i v i n g e x e r c i s e s ( G u a r d i a n ) . The Swedish 
Navy r e s c u e s u b m e r s i b l e b u i l t by Kockums Varv weighs 50 t o n n e s , and i s road 
t r a n s p o r t a b l e . P i s c e s s u b m e r s i b l e s weighing of t h e o r d e r of 10 t o n s have been 
a i r t r a n s p o r t e d on s e v e r a l o c c a s i o n s . 
Although d a t a have no t been o b t a i n e d on t h e a b s o l u t e maximum weigh t s 
and d imens ions of c a r g o e s which a r e a i r t r a n s p o r t a b l e , t h e above f i g u r e s p r o v i d e 
g u i d a n c e . SM-97 i s c l e a r l y a i r - t r a n s p o r t a b l e a t 18 t o n n e s , and i s i s r e a s o n a b l e 
t o assume t h a t deep ocean s u b m e r s i b l e s c a r r y i n g 2 -3 men on s i n g l e d i v e s could 
g e n e r a l l y be a i r - t r a n s p o r t a b l e . 
The DSRVs and t h e Kockums Varv v e h i c l e on ly c a r r y on-crew pe r sonne l 
f o r s h o r t p e r i o d s d u r i n g r e s c u e o p e r a t i o n s . Thus they c a n n o t be t aken as 
examples of m u l t i - w a t c h autonomous v e h i c l e s . The Bruker M e e r e s t e c h n i k 
Seahor se I I a t 46 tonnes i s r a i l t r a n s p o r t a b l e in Europe (Haas and Kern, 1983) 
and can be handled by ha rbour c r a n e s . La rge r v e h i c l e s such as Argy rone t e or 
some of t h e l a r g e r h igh speed submar ines proposed by Dr. San t i (SSOS) a r e 
c l e a r l y n o t t r a n s p o r t a b l e by r a i l , road o r a i r . I t seems p r o b a b l e t h a t a 
long d u r a t i o n m u l t i - w a t c h deep ocean s u b m e r s i b l e would have a minimum weight 
g r e a t e r than 100 tonnes and would t h e r e f o r e on ly be t r a n s p o r t a b l e on a s h i p , 
under i t s own power, or be towed. I t i s n o t a b l e t h a t t h e Kockums Varv r e s c u e 
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submar ine has been des igned f o r towing submerged to t h e d i v e s i t e . 
The MR-1, t h e on ly deep wa te r autonomous r e s e a r c h submarine a t p r e s e n t 
o p e r a t i n g , i s 400 t o n s , and on ly mobi le in the s e a , a l t h o u g h some c r anes cou ld 
l i f t i t on to s u i t a b l e s h i p s or b a r g e s . 
Bottom l a n d e r s , towed i n s t r u m e n t s and ROVs w i l l r e c e i v e maximum 
u t i l i s a t i o n i f t hey can be o p e r a t e d from e x i s t i n g r e s e a r c h s h i p s u s ing e x i s t i n g 
A- f rames and deck mach ine ry . 
7 .15 Maintenance problems (42) 
This i s a s u b j e c t which a f f e c t s t h e r e l i a b l e o p e r a t i o n of a l l t h e 
l i s t e d v e h i c l e s . I t i s an a r e a i n which m i l i t a r y e x p e r t i s e i s i m p o r t a n t , 
p a r t i c u l a r l y i n t h e case of manned submar ine s , and one i n which new m a t e r i a l s 
have an i m p o r t a n t c o n t r i b u t i o n to make. 
With any p i e c e of unde rwa te r equipment one of t h e c r u c i a l f a c t o r s i s 
t h e d e g r e e of c o r r o s i o n in sea w a t e r . Sometimes t h i s i s minimal wi th t h e 
c a r e f u l use of compa t ib l e m a t e r i a l s b u t u s u a l l y some fo rm of c l e a n i n g , 
i n s p e c t i o n and r e p l a c e m e n t s c h e d u l e w i l l be r e q u i r e d . BOM have s a i d t h a t 
t h e b i g g e s t ma in tenance problem wi th the s u b m e r s i b l e Cyana i s due to c o r r o s i o n , 
and a g r e a t deal of s t r i p p i n g , i n s p e c t i o n , c l e a n i n g and renewal i s r e q u i r e d . 
This echoes our own e x p e r i e n c e in t h e o c e a n o g r a p h i c f i e l d . Design c r i t e r i a 
f o r m i n i m i s i n g c o r r o s i o n unde rwa te r a r e unders tood and used by e n g i n e e r s , but 
sometimes a d e g r e e of c o r r o s i o n has to be a c c e p t e d . Newer m a t e r i a l s such as 
the l i g h t t i t a n i u m a l l o y s , and t h e h i g h - s t r e n g t h n i c k e l - c h r o m e s such a s Inconel , 
have he lped g r e a t l y to reduce c o r r o s i o n and ma in tenance i n c r i t i c a l p a r t s of 
u n d e r w a t e r equ ipment . This i n c l u d e s personne l and b a l l a s t s p h e r e s f o r manned 
s u b m e r s i b l e s , a c o u s t i c r e l e a s e sys tems f o r autonomous ' m o o n l a n d e r s ' which may 
s t a y on t h e ocean f l o o r f o r a y e a r , and h i g h l y s t r e s s e d components such a s 
s h a f t s , b e a r i n g p in s e t c . F u r t h e r improvements a r e l i k e l y wi th t h e i n t r o d u c t i o n 
of advanced c o m p o s i t e s . 
A s u b m e r s i b l e wi th t h e m a j o r i t y of sub - sys t ems o u t s i d e t h e p r e s s u r e 
hul l must be l i f t e d o u t of t h e wa te r f o r most m a i n t e n a n c e . A submar ine of 
c o n v e n t i o n a l m i l i t a r y c o n f i g u r a t i o n can be l a r g e l y s e r v i c e d from i n s i d e t h e 
h u l l . Craven (1977) p o i n t s o u t t h a t t h e c o n v e n t i o n a l m i l i t a r y d e s i g n , w i th 
t h e main e n g i n e s w i t h i n t h e h u l l , r e q u i r e s a r o t a t i n g p rope l l o r s h a f t p e n e t r a t i n g 
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t h e p r e s s u r e h u l l , and t h i s i s a s e r i o u s sou rce of weakness . The sma l l e r 
d e s i g n s of Dr. San t i a t SSOS have h y d r a u l i c motors o u t s i d e t h e p r e s s u r e h u l l , 
but h i s l a r g e r d e s i g n s a r e s t r i c t l y of m i l i t a r y submar ine c o n f i g u r a t i o n with 
l a r g e s t e r n g l a n d s . 
Summaris ing, we can say t h a t c a r e f u l d e s i g n , and t h e a p p l i c a t i o n of 
improved m a t e r i a l s , can go a long way t o r educ ing ma in tenance problems on a l l 
unde rwa te r v e h i c l e s and i n s t r u m e n t a t i o n . In t h e case o f autonomous submar ines 
o r s u b m e r s i b l e s a p a r t i c u l a r need e x i s t s t o e n s u r e t h a t c r i t i c a l maintenance 
can be under t aken by t h e crew d u r i n g c r u i s e c o n d i t i o n s . 
7 .16 S c i e n t i f i c i n s t r u m e n t s f o r use wi th t h e v e h i c l e s (43) 
In t h e w i d e s t sense of t h e word, ' s c i e n t i f i c ' i n s t r u m e n t s a r e r e q u i r e d 
f o r use w i th a l l t h e v e h i c l e c l a s s e s p r e v i o u s l y l i s t e d , and by a l l u s e r s . The 
r ange i s very l a r g e , and i t i s no t p o s s i b l e , nor i s i t n e c e s s a r y to l i s t t he 
d e v i c e s and t h e i r a p p l i c a t i o n s h e r e . Ra ther t h e s e c t i o n w i l l be b r i e f l y 
concerned wi th p a r t i c u l a r needs o r problems a s s o c i a t e d w i t h t h e o p e r a t i o n 
of such i n s t r u m e n t s on v e h i c l e s i n t e n d e d f o r t h e deep o c e a n . 
The pace of work with advanced i n s t r u m e n t a t i o n f o r commerc ia l , m i l i t a r y 
and s c i e n t i f i c use has i n c r e a s e d r a p i d l y over t h e p a s t d e c a d e , p a r t l y f u e l l e d 
by t h e o f f s h o r e developments and a l s o by r a d i o a c t i v e w a s t e d i s p o s a l r e s e a r c h . 
Commercial u s e r s r e q u i r e high r e s o l u t i o n o p t i c a l and s o n a r s e n s o r s , c a t h o d i c 
p r o t e c t i o n i n s t r u m e n t a t i o n , p i p e l i n e su rvey p r o f i l e r s and a h o s t of o t h e r 
i n s t r u m e n t s . The m i l i t a r y r e q u i r e s s e a r c h equipment t o be used on t h e i r deep 
ROVs and s u b m e r s i b l e s , p a r t i c u l a r l y s i d e - s c a n sona r and magne tome te r s . The 
s c i e n t i f i c community r e q u i r e s a l a r g e range of d e v i c e s t o c o v e r r e s e a r c h a t 
a l l w a t e r dep ths and the ocean f l o o r , f o r t h e b i o l o g i c a l , g e o p h y s i c a l , p h y s i c a l , 
geochemical and g e o t e c h n i c a l d i s c i p l i n e s . The s p e c i f i c a t i o n of t h e s e i n s t r u m e n t s 
i s l a r g e l y i n i t i a t e d by d i r e c t u s e r n e e d s , and t h e r e e x i s t a d e q u a t e r e s e a r c h 
and development r e s o u r c e s in c i v i l i a n and m i l i t a r y l a b o r a t o r i e s and in i n d u s t r y 
t o s e r v i c e t h i s demand. 
Perhaps t h e a r e a which has seen t h e most r a p i d development of t r u e 
s c i e n t i f i c i n s t r u m e n t s i s in b e n t h i c r e s e a r c h a t o r n e a r t h e f l o o r of t h e deep 
ocean . This work has been l a r g e l y s u p p o r t e d by t h e need f o r s c i e n t i f i c knowledge 
of t h e problems a s s o c i a t e d wi th high l e v e l r a d i o a c t i v e w a s t e d i s p o s a l . Th^s has 
invo lved a l l t h e s c i e n t i f i c d i s c i p l i n e s mentioned above . I t has r e q u i r e d the 
development of a range of i n s t r u m e n t s t o measure t e m p e r a t u r e , p r e s s u r e , oxygen. 
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r a d i o n u c l e i d e d i f f u s i o n , h e a t f l o w , sed iment p e r m e a b i l i t y and p o r o s i t y e t c . w i t h 
a l a b o r a t o r y p r e c i s i o n a t dep ths of 5-6000m. In a d d i t i o n , a range of sed iment 
and p o r e - w a t e r sample r s have been d e v e l o p e d . Many of t h e s e d e v i c e s a r e used 
s i n g l y , o r in small s u i t e s on autonomous 'moonlander ' v e h i c l e s , and problems 
of ene rgy and l o g g e r c a p a c i t y may be i n v o l v e d . In some c a s e s , such as in t h e 
US Rhode I s l a n d ISHTE s o i l mechanics p r o j e c t , t h e f rame of t h e dev ice may be 
l a r g e , up to 5m s q u a r e , and c o n t a i n a range of s e n s o r s t o s e r v i c e a p a r t i c u l a r 
in s i t u e x p e r i m e n t . ISHTE s t a n d s f o r ' I n - S i t u Heat T r a n s f e r E x p e r i m e n t ' , and 
a p a r t f rom t h e main (p lu ton ium) h e a t s o u r c e , c o n t a i n s a number of t e m p e r a t u r e , 
p o r e - p r e s s u r e and s h e a r s t r e s s p r o b e s , and can a l s o p r o v i d e sediment c o r e s on 
command. 
On mobi le v e h i c l e s t h e main need i s f o r improved geophys ica l and 
n a v i g a t i o n a l s e n s o r s . This i n v o l v e s t h e development of e f f i c i e n t narrow beam 
a c o u s t i c t r a n s d u c e r s and a r r a y s f o r use a t g r e a t d e p t h s ; a l s o t h e development 
of wide-band t r a n s d u c e r s f o r s e i s m i c and n a v i g a t i o n a l n e e d s ; and developments 
in t h e magnet ic and g r a v i t a t i o n a l i n s t r u m e n t a t i o n f i e l d f o r geophys ica l 
measurement f o r mobi le v e h i c l e s . Improvement in t h e n a v i g a t i o n and p o s i t i o n 
f i x i n g of deep v e h i c l e s w i l l l a r g e l y depend on improvements i n a c o u s t i c 
t e c h n o l o g y , and t h e r e i s an u r g e n t need to deve lop sys t ems which i n t e g r a t e t h e 
d a t a f o r a v a i l a b l e p o s i t i o n i n g and v e l o c i t y s e n s o r s i n t o t h e b e s t 'dead r e c k o n i n g ' 
package . I n e r t i a l n a v i g a t i o n a l sys tems need a l s o to be s t u d i e d in t h i s c o n t e x t 
t o see whether they can p r o v i d e , a t more modest p r i c e and p r e c i s i o n than t h e i r 
m i l i t a r y c o u n t e r p a r t s , an i n p u t t o t h e deep ocean n a v i g a t i o n problem. 
7 .17 ~Scientific d a t a r e c o r d i n g on t h e v e h i c l e (44) 
The deg ree of dependence of t h e d i f f e r e n t t y p e s of v e h i c l e on s c i e n t i f i c 
da t a r e c o r d e r s on t h e v e h i c l e i s e s t i m a t e d below. 
Veh ic l e Degree of dependence 
Type (20) Bottom l a n d i n g s t a t i c sys tems 9 
(21) Cable lowered bottom l a n d e r 2 
(22) ROV 3 
(23) Bottom t r a c k e d mobi le v e h i c l e s 0 
(24) Unmanned f ree-swimming v e h i c l e s 7 
(25) Towed unmanned sys tems 8 
(26) Manned f ree-swimming v e h i c l e s 3 
(27) Towed o r suspended manned system 1 
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There a r e a number of r e q u i r e m e n t s common to t h e s e a p p l i c a t i o n s which 
may be summarised as f o l l o w s : 
( a ) high d a t a c a p a c i t y per u n i t volume ( a l l t y p e s ) , 
(b) high d a t a c a p a c i t y per u n i t we igh t ( e s p e c i a l l y t y p e s 20, 22, 
24, 2 6 ) , 
( c ) low energy consumption p e r u n i t of da t a r e c o r d e d ( e s p e c i a l l y 
t y p e s 20 , 2 4 ) , 
(d ) low q u i e s c e n t power consumption ( e s p e c i a l l y type 2 0 ) , 
(e ) high d a t a c a p a c i t y pe r r e c o r d i n g module - e . g . pe r t a p e 
( e s p e c i a l l y t ypes 20, 22 , 24 , 2 5 ) , 
( f ) high r e l i a b i l i t y (high MTBF) and low e r r o r r a t e ( a l l t y p e s ) , 
(g) high d a t a r a t e ( e s p e c i a l l y t y p e s 22, 24, 2 5 , 2 6 ) . 
The r e q u i r e m e n t s of most s i t u a t i o n s can be m e t , wi th a v a r y i n g degree 
of s u c c e s s , bu t h e use of one of t h e f o l l o w i n g t y p e s o f magne t i c t a p e r e c o r d e r : 
(A) i n s t r u m e n t a t i o n r e c o r d e r (mu l t i channe l DR o r FM), 
(B) low r a t e d i g i t a l r e c o r d e r , 
(C) high r a t e d i g i t a l r e c o r d e r , 
(D) v ideo r e c o r d e r . 
Other media which may be a p p r o p r i a t e in some c i r c u m s t a n c e s a r e : 
(E) magne t i c bubble s t o r e , 
(F) s emiconduc to r s t o r e (PROM o r b a t t e r y backed RAM). 
Of t h e above t y p e s , i t may be a rgued t h a t (D) i s no t s t r i c t l y a s c i e n t i f i c 
d a t a r e c o r d e r in t h e s t r i c t sense of t h e p h r a s e . However, v ideo r e c o r d s of sea 
bed s t r u c t u r e and b e n t h i c l i f e forms a r e c o n s i d e r e d to be s c i e n t i f i c d a t a f o r 
t h e purpose of t h i s s u r v e y . 
L i m i t a t i o n s of r e c o r d e r s 
(A) I n s t r u m e n a t i o n r e c o r d e r s 
This t y p e of r e c o r d e r i s b e s t s u i t e d to r e c o r d i n g s i g n a l s wi th a band-
width of up t o 100 Hz, o r s o , from a l i m i t e d number of s o u r c e s , t y p i c a l l y a 
maximum of 14 - over p e r i o d s of a day o r s o . Apar t f rom some s p e c i a l u n i t s 
deve loped f o r a e r o s p a c e a p p l i c a t i o n s , commerc ia l ly a v a i l a b l e u n i t s a r e g e n e r a l l y 
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bulky and have a high power consumpt ion . Whi l s t some s p e c i a l purpose u n i t s have 
been developed and used s u c c e s s f u l l y f o r sea bed s e i s m i c r e c o r d i n g ( i . e . v e h i c l e 
t y p e 2 0 ) , t h e main use i s in manned s u b m e r s i b l e s . 
(B) Low r a t e d i g i t a l magne t ic t a p e r e c o r d e r s (up t o 10 b i t s / s ) 
This t ype of r e c o r d e r g e n e r a l l y u s e s t a p e c a s s e t t e s o r c a r t r i d g e s 
a l t h o u g h , o c c a s i o n a l l y , r e e l t o r e e l r e c o r d e r s a r e used . Whi l s t t h e former 
a r e small and c o n s e q u e n t l y s u i t e d t o i n c o r p o r a t i o n i n t o deep sea v e h i c l e s o r 
i n s t r u m e n t h o u s i n g s , t h e t o t a l c a p a c i t y i s l i m i t e d t o a b o u t 15 Mbits ( in t h e 
c a s e of c a s s e t t e s ) a t t h e p r e s e n t s t a t e of t h e a r t . C a r t r i d g e s o f f e r c o n s i d e r a b l y 
more - up t o 250 Mbits a t t h e p r e s e n t s t a t e of t h e a r t - b u t d r i v e s and 
e l e c t r o n i c s s u i t e d t o t h i s t y p e of a p p l i c a t i o n a r e on ly now becoming commerc ia l ly 
a v a i l a b l e . 
The p r i n c i p a l a r e a of use f o r t h e s e d e v i c e s i s i n autonomous "moon- landers" 
a l t h o u g h t h e y a r e l i k e l y to be found in a l l of t h e o t h e r v e h i c l e s where o p e r a t i o n s 
i n v o l v e s c i e n t i f i c d a t a c o l l e c t i o n . R e l i a b i l i t y and power consumption a r e 
a c c e p t a b l e . 
(C) High r a t e d i g i t a l magnet ic t a p e r e c o r d e r s 
Where a high d a t a r a t e i s i n e v i t a b l e , a s in t h e c a s e of o p t i c a l imagery , 
and d i g i t a l s t o r a g e i s r e q u i r e d , t h e r e i s l i t t l e a l t e r n a t i v e t o t h e use of | i n c h 
r e e l t o r e e l d r i v e s a l t h o u g h modifed v ideo r e c o r d e r s have been used . In t h e 
c a s e of a c o u s t i c imagery ( e . g . s i d e s c a n s o n a r ) , c a r t r i d g e d r i v e s a r e a d e q u a t e . 
The s i z e of | inch d r i v e s i s a s e v e r e o b s t a c l e t o t h e i r u s e i n deep sea sy s t ems . 
The r e q u i r e m e n t i s , f o r t u n a t e l y , not a p r e s s i n g one . 
(D) Video r e c o r d e r s 
There i s a wide range of d e v i c e s a v a i l a b l e on t h e p r o f e s s i o n a l and 
consumer m a r k e t s . Whi l s t r e l i a b i l i t y i s no t a s high as f o r t h e d a t a r e c o r d e r s 
ment ioned above , i t i s p r o b a b l y a d e q u a t e . P r e s s u r e from t h e p r o f e s s i o n a l and 
consumer marke t s c a n , in any c a s e , be e x p e c t e d t o r e s u l t i n r a p i d deve lopments 
in t h i s a r e a . The main a p p l i c a t i o n i s i n f r e e swimming s u b m e r s i b l e s . 
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(E) Magnetic bubble s t o r e s 
In s e l e c t i n g a s t o r a g e medium f o r any u n d e r w a t e r sys tem, a s o l i d s t a t e 
dev ice has obv ious a t t r a c t i o n s in removing any mechanica l s o u r c e of u n r e l i a b i l i t y . 
For h igh d a t a c a p a c i t y , magne t i c bubble s t o r e s o f f e r t h e l a r g e s t c a p a c i t y p e r 
module ( t y p i c a l l y 1 Mbi t ) w i th p r o s p e c t s of i n c r e a s e t o , p e r h a p s , 16 Mbits a s 
new m a n u f a c t u r i n g t e c h n i q u e s a r e p e r f e c t e d . They o f f e r r a p i d a c c e s s and high 
5 
d a t a r a t e ( e . g . 10 b i t s / s ) in a rugged dev ice but power consumption i s such 
t h a t , i n autonomous v e h i c l e s , t h e y would r e q u i r e o p e r a t i o n in a b u r s t r e c o r d i n g 
mode. For some systems where t h e i r d a t a c a p a c i t y i s adequa te^ t h e y may p r o v i d e 
a s u i t a b l e s o l u t i o n . Development, w h i l s t r e l a t i v e l y s low a f t e r t h e i r i n t r o d u c t i o n , 
when a number of m a n u f a c t u r e r s dropped o u t , has r e g a i n e d pace - p robab ly on a c c o u n t 
of i n t e r e s t as an a l t e r n a t i v e t o mini computer f l o p p y d i s k d r i v e s . 
(F) Semiconductor s t o r e s 
The commercial p r e s s u r e f o r development i s much g r e a t e r in t h i s f i e l d 
than in t h e bubble s t o r a g e f i e l d due t o t h e enormous m a r k e t . There a r e two 
c a t e g o r i e s of s emiconduc to r s t o r e s u i t a b l e f o r d a t a s t o r a g e : t h e PROM or 
programmable r ead on ly memory which i s n o n - v o l a t i l e , r e t a i n i n g s t o r e d d a t a 
f o r 10 y e a r s o r more even when powered down, and t h e RAM o r random a c c e s s 
memory which must be c o n t i n u o u s l y powered by a back-up b a t t e r y so as t o r e t a i n 
d a t a . These d e v i c e s can be made u s ing a number of s e m i c o n d u c t o r t e c h n o l o g i e s 
bu t MOS d e v i c e s a r e t h e most common by f a r . PROMs, w h i l s t having t h e advan tage 
of n o n - v o l a t i l i t y , a r e no t so e a s i l y a d d r e s s e d as RAMs and t h i s l i m i t s t h e i r 
da t a a c q u i s i t i o n r a t e a p p r e c i a b l y ( t y p i c a l l y to 200 b y t e s / s ) . The s t a t e of 
t h e a r t e r a s a b l e PROM i s c u r r e n t l y 256 k b i t s in NMOS t e c h n o l o g y wi th a power 
consumption of a p p r o x i m a t e l y | w a t t (100 mW on s t a n d b y ) . This i s r a t h e r lower 
than t h e e q u i v a l e n t bubble memory consumpt ion ; be ing n o n - v o l a t i l e , t h e dev ice 
can be c o m p l e t e l y powered down when i d l e . The CMOS t e c h n o l o g y o f f e r s ve ry 
much lower s t a t i c power consumption bu t lower c a p a c i t y p e r d e v i c e a t p r e s e n t . 
In t h e c a s e of RAM, t h e h i g h e s t c a p a c i t y CMOS d e v i c e a t p r e s e n t o f f e r s 64 k b i t s 
wi th a power consumption of 200 mW (10|iW on s t a n d b y ) . At a round £600 /Mbi t , t h e 
p r i c e does no t compare f a v o u r a b l y wi th magnet ic t a p e d r i v e s e x c e p t f o r low 
volume s t o r a g e a p p l i c a t i o n s but t h e s i m p l i c i t y and e a s e of d a t a r e c o v e r y a r e 
s t r o n g p o i n t s in f a v o u r of t h e s o l i d s t a t e s o l u t i o n . In a d d i t i o n , p r i c e s can 
be expec ted t o drop c o n s i d e r a b l y in accordance wi th p r e v i o u s e x p e r i e n c e . 
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Another da t a s t o r a g e t e c h n o l o g y which i s s t i l l i n i t s i n f a n c y i s o p t i c a l 
d i s c s t o r a g e . Since t h i s , a t p r e s e n t , employs r o t a t i n g components , i t may be 
on ly worthy of c o n s i d e r a t i o n when ve ry high c a p a c i t y i s r e q u i r e d , e . g . 10 G b i t s . 
I f an o p t i c a l memory i s developed wi th s o l i d s t a t e a d d r e s s i n g ( i . e . beam s t e e r i n g ) 
t h i s w i l l r e v o l u t i o n i s e s t o r a g e t e c h n i q u e s . The impetus t o ach ieve such a d e v i c e 
i s , of c o u r s e , a l r e a d y p r e s e n t from t h e computing i n d u s t r y which r e q u i r e s i t f o r 
a r c h i v a l p u r p o s e s . 
Summary 
We have c o n s i d e r e d above t h e l i m i t a t i o n s of v a r i o u s media c u r r e n t l y i n 
u s e , o r p r o j e c t e d , in r e l a t i o n to t h e r e q u i r e m e n t s of v a r i o u s t y p e s of s c i e n t i f i c 
and q u a s i - s c i e n t i f i c d a t a r e c o r d i n g . The most s e r i o u s problem i d e n t i f i e d has 
been t h a t of o b t a i n i n g s u f f i c i e n t d a t a s t o r a g e c a p a c i t y i n a volume r e s t r i c t e d 
by p r a c t i c a l mechanical c o n s i d e r a t i o n s , t o g e t h e r wi th a l i m i t e d energy budget . 
Magnetic t a p e d r i v e s a r e o p e r a t i n g nea r t h e l imi t " imposed by p r o p e r t i e s of t h e 
t a p e and even t h e i n t r o d u c t i o n of metal t a p e s and v e r t i c a l r e c o r d i n g w i l l on ly 
a l low r e l a t i v e l y modest improvements in t h e f u t u r e . I t i s hard to f o r e s e e what 
l i m i t s w i l l be r eached in s o l i d s t a t e d e v i c e s b u t , ove r t h e n e x t 5 y e a r s , one 
would hope f o r an i n c r e a s e in c a p a c i t y per d e v i c e of 4 - 1 0 t imes t o g e t h e r with 
a ve ry c o n s i d e r a b l e r e d u c t i o n in p r i c e . What i s c e r t a i n i s t h a t s o l i d s t a t e 
logg ing w i l l become p r o g r e s s i v e l y more a t t r a c t i v e , f o r some a p p l i c a t i o n s , even 
though i s i s u n l i k e l y to d i s p l a c e t a p e f o r high c a p a c i t y r e q u i r e m e n t s . There 
i s l i t t l e purpose in any i ndependen t R & D work in t h i s f i e l d a t t h e moment. 
7 .18 H y d r a u l i c , e l e c t r i c a l and mechanical components (45) 
The development of s u i t a b l e components has a b e a r i n g on t h e s u c c e s s f u l 
o p e r a t i o n of a l l t h e c l a s s e s of v e h i c l e l i s t e d . I t i s n o t p o s s i b l e h e r e t o c a r r y 
o u t a su rvey of t h e s e e l emen t s of h y d r a u l i c , e l e c t r i c a l and mechanica l d e s i g n , 
excep t t o u n d e r l i n e c e r t a i n a r e a s where they could u s e f u l l y be improved o r new 
development u n d e r t a k e n . 
Most such components a r e a d a p t a t i o n s of c i r c u i t e l e m e n t s used on l a n d , 
sometimes t h e s e a d a p t a t i o n s a r e s u c c e s s f u l and sometimes n o t . I t would be f a r t o o 
e x p e n s i v e t o c o n s i d e r deve lop ing s p e c i a l i s e d h y d r a u l i c components f o r use in 
underwa te r v e h i c l e s so i t w i l l always be n e c e s s a r y t o a d o p t e x i s t i n g v a l v e s , pumps 
and m o t o r s . So long as c a r e i s t aken over m a t e r i a l c o m p a t i b i l i t y , and r e g u l a r 
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s e r v i c i n g s c h e d u l e s a r e drawn up, then t h e r e would a p p e a r to be no g r e a t 
o b s t a c l e to t h e c o n t i n u e d use of such components to g r e a t e r o p e r a t i n g d e p t h s . 
The e f f e c t of h y d r o s t a t i c p r e s s u r e in i t s e l f i s no problem s i n c e h y d r a u l i c 
c i r c u i t s can be de s igned to run a t a g iven p r e s s u r e d i f f e r e n t i a l above a m b i e n t , 
bu t c a r e must be t aken on v e h i c l e a s c e n t to e n s u r e t h a t s u i t a b l e o i l v e n t i n g 
c i r c u i t s a r e p r o v i d e d , o t h e r w i s e t h e system w i l l be r u p t u r e d . S i m i l a r l y , 
g r e a t c a r e must be t aken wi th hu l l p e n e t r a t i o n to e n s u r e t h a t p ipe s e a l s a r e 
developed which w i l l w i t h s t a n d t h e c o n s i d e r a b l e p r e s s u r e and t e m p e r a t u r e 
c y c l i n g which w i l l occur in deep submergence o p e r a t i o n s . 
The development of unde rwa te r e l e c t r i c a l components , p a r t i c u l a r l y 
c o n n e c t o r s and g l a n d s , has had a long and somewhat unhappy h i s t o r y . M i l i t a r y 
u s e r s have tended to go f o r o i l - f i l l e d g l a n d s , j u n c t i o n boxes and b a t t e r y 
c a s e s , even though t h i s can r e s u l t in t ime-consuming s e r v i c i n g s c h e d u l e s 
wi th a number of d i f f e r e n t o i l s i n v o l v e d . C e r t a i n l y i f t h e u tmost r e l i a b i l i t y 
i s r e q u i r e d , and payload i s . a problem f o r deep submergence , t h i s i s a s e n s i b l e 
way to go. However t h e r e i s a l o t of advan t age in one a tmosphere j u n c t i o n 
boxes and e l e c t r o n i c c a s e s e t c . from t h e p o i n t of view o f f a s t s e r v i c i n g , and 
wi th t h e adven t of high s t r e n g t h a luminium, and t i t a n i u m and compos i t e s t h e 
payload p e n a l t y f o r deep o p e r a t i o n s may be a c c e p t a b l e . Non-hoseing e l e c t r i c a l 
g l ands a r e t h e b e s t where t h e u tmost r e l i a b i l i t y i s r e q u i r e d , o r high v o l t a g e s 
o r c u r r e n t s have to be h a n d l e d , bu t a g a i n they a r e a d i s t i n c t d i s a d v a n t a g e 
when v e h i c l e s e r v i c i n g has to be u n d e r t a k e n . There a r e a range of underwa te r 
e l e c t r i c a l c o n n e c t o r s on t h e m a r k e t , and have been f o r many y e a r s , bu t most 
of t h e s e s u f f e r f rom one o r more r e c u r r i n g d e f e c t s which may be b rough t on 
by f l e x i n g o r modera te v o l t a g e l e v e l s e t c . We know of one l e a d i n g UK 
s u b m e r s i b l e m a n u f a c t u r e r who has been d r i v e n to o b t a i n i n g t h e n e c e s s a r y l e v e l 
of c o n n e c t o r r e l i a b i l i t y by m a n u f a c t u r i n g h i s own. I t h a s a l s o been n e c e s s a r y 
f o r lOS t o produce i t s own p o l y t h e n e non-hose ing g l ands t o g u a r a n t e e t h e 
i n t e g r i t y of t h e e l e c t r i c a l h a r n e s s e s on t h e l o n g - r a n g e s i d e - s c a n sona r 
v e h i c l e GLORIA. 
A number of mechanical components used in u n d e r w a t e r v e h i c l e s a r e 
l i k e l y to be l a n d - b a s e d d e s i g n s o r a d a p t a t i o n s of them. So long a s p rope r 
c r i t e r i a a r e f o l l o w e d , p a r t i c u l a r l y g a l v a n i c p o t e n t i a l c o m p a t a b i l i t y , t h e r e 
may be no g r e a t p rob lems . However, t h e r e a r e now l i g h t and s t r o n g metal a l l o y s 
a v a i l a b l e f o r unde rwa te r use which have a v i r t u a l l y i n d e f i n i t e l i f e and i t w i l l 
o f t e n pay wel l to r e d e s i g n components in such m a t e r i a l s . lOS has r e c e n t l y 
s t i p u l a t e d t h a t a l l u s e r s of t h e IOS a c o u s t i c r e l e a s e s y s t e m who i n t e n d to 
l e a v e i n s t r u m e n t moor ings o r autonomous sys tems on the ocean f l o o r f o r 6 months 
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or more must p u r c h a s e the titanium v e r s i o n of t h i s s y s t e m . P r e s e n t r e t u r n s 
show no c o r r o s i o n a f t e r mooring deployments of 6 months, t o a y e a r . We have 
a l s o used t h e n i c k e l chrome a l l o y Inconel 625 f o r mooring l o a d c e l l p in s on 
an ocean d a t a buoy which s p e n t f o u r y e a r s in t h e n o r t h A t l a n t i c , and t h e s e 
unde rwa te r p i n s have been r e t u r n e d as good as new. 
The a v a i l a b i l i t y of composi te m a t e r i a l s such a s c a r b o n , g r a p h i t e and 
k e v l a r f i b r e l a m i n a t e s f o r p r e s s u r e v e s s e l s w i l l r e q u i r e t e s t and development 
work t o e n s u r e c o m p a t i b i l i t y w i th h y d r a u l i c , e l e c t r i c a l and mechanical components 
and p e n e t r a t o r s . I t w i l l be i m p o r t a n t t o a s c e r t a i n t h e b e s t method of e n s u r i n g 
s t r a i n c o m p a t i b i l i t y under changing h y d r o s t a t i c p r e s s u r e s and t e m p e r a t u r e s . 
I t w i l l a l s o be n e c e s s a r y t o examine t h e s t r e s s changes which could occur 
in such p r e s s u r e h u l l s due t o t h e d i f f e r e n t methods of mount ing e x t e r n a l and 
i n t e r n a l components . 
7 .19 The use of on-board computing and m i c r o p r o c e s s o r s (46) 
Although t h i s t o p i c has been l i s t e d as a s e p a r a t e s u b - s y s t e m , 
computers and m i c r o p r o c e s s o r s w i l l , i n g e n e r a l , be a s s o c i a t e d wi th some of t h e 
o t h e r sub - sys t ems l i s t e d . With t h e p o s s i b l e e x c e p t i o n s o f v e h i c l e t ypes 26 
and 27 , s t a n d - a l o n e computers w i l l no t f e a t u r e a p p r e c i a b l y , i f a t a l l , in t h e 
v e h i c l e s c o n s i d e r e d . There i s , however, g r e a t scope f o r t h e use of m i c r o -
computers d e d i c a t e d t o p a r t i c u l a r a p p l i c a t i o n s . In p a r t i c u l a r t h e y can be 
used in t h e f o l l o w i n g s u b - s y s t e m s : 
%(29) p r o p u l s i o n c o n t r o l , 
(31) c o n t r o l of m a n i p u l a t o r s and t o o l s , 
(32) v ideo s i g n a l p r o c e s s i n g and c o m p r e s s i o n , 
(33) n a v i g a t i o n a l c o m p u t a t i o n , 
(34) buoyancy c o n t r o l , 
(36) d a t a m u l t i p l e x i n g and t e l e m e t r y , 
(37) v e h i c l e c o n t r o l sy s t ems , 
(44) d a t a compress ion p r i o r to r e c o r d i n g . 
As a r e s u l t , m i c r o p r o c e s s o r s have a p p l i c a t i o n s i n a l l t h e v e h i c l e 
c l a s s e s l i s t e d : 
(20) Autonomous "moonlanders" . They can be u s e d t o c o n t r o l t h e 
e x p e r i m e n t . This can i n c l u d e t h e deployment and a c t u a t i o n of p r o b e s , t he c o n t r o l 
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of sampling to maximise t h e u s e f u l d a t a a c q u i r e d wi th a l i m i t e d amount of 
s t o r a g e , e . g . c o n d i t i o n a l sampling to r e c o r d s e i s m i c e v e n t s , high c u r r e n t f l o w , 
camera f i l m advance e t c . Also s i g n a l p r o c e s s i n g to r e d u c e o r compress da ta 
p r i o r to s t o r a g e o r i t s t r a n s m i s s i o n v ia a t e l e m e t r y l i n k . 
(21) Cable lowered bottom l a n d e r s . They can be used in t e l e m e t r y 
equipment to a l l ow c o n t r o l and d a t a t r a n s m i s s i o n of m u l t i p l e s i g n a l s v i a a 
small number of e l e c t r i c a l c o r e s in t he c a b l e ( m u l t i p l e x i n g - s ee s e c t i o n 7 . 9 ) . 
Another use i s i n v ideo s i g n a l compress ion , 
(22) ROVs wi th u m b i l i c a l c o n t r o l . S i m i l a r a p p l i c a t i o n s t o t h e 
p r e v i o u s type of v e h i c l e . Also to be used f o r n a v i g a t i o n a l p r o c e s s i n g and 
improved v e h i c l e c o n t r o l . Can p rov ide r e s p o n s e o p t i m i s a t i o n f o r a c t u a t o r s 
and m a n i p u l a t o r s . 
(23) Bottom t r a c k e d v e h i c l e s . P o s s i b l e uses f o r c o n t r o l , n a v i g a t i o n 
and v ideo s i g n a l compress ion o r enhancement . 
(24) Free-swimming unmanned v e h i c l e s . Uses s i m i l a r to t h o s e given 
i n 22 above . Also p o s s i b l e use f o r i n t e l l i g e n t r e s p o n s e t o i n t e r n a l o r e x t e r n a l 
i n f l u e n c e s , e . g . a d a p t i v e c o n t r o l of a c o u s t i c t e l e m e t r y and s c a n n e r i n f o r m a t i o n , 
t r a c k s t o r a g e and i n i t i a t i o n of n a v i g a t i o n a l commands. 
(25) Towed unmanned v e h i c l e s . " Use f o r v ideo and d a t a p r o c e s s i n g and 
compress ion p r i o r to t e l e m e t r y . Also v e h i c l e c o n t r o l s and n a v i g a t i o n . 
^26) Manned f ree-swimming v e h i c l e s . Many a p p l i c a t i o n s i n c l u d i n g 
t h o s e in n a v i g a t i o n , d a t a q u a l i t y , housekeep ing , p r o p u l s i o n , buoyancy e t c . 
(27) Towed o r lowered manned sys tem. S i m i l a r u s e s to t h o s e in 26 
above . 
M i c r o p r o c e s s o r s have r e c e n t l y made p o s s i b l e t h e ach ievemen t of t a s k s 
which were p r e v i o u s l y t h o u g h t to be i m p o s s i b l e o r i m p r a c t i c a l . The e x t e n t of 
t h e i r a p p l i c a t i o n s in unde rwa te r t echno logy i s s u r e to i n c r e a s e , be ing l i m i t e d 
more by t h e n e c e s s a r y t ime and s k i l l s r e q u i r e d to d e f i n e t h e o b j e c t i v e s and 
deve lop the s o f t w a r e than by t h e s t a t e of t h e t e c h n o l o g y and a v a i l a b i l i t y of 
hardware . In t h e f o r e s e e a b l e f u t u r e i t i s d i f f i c u l t t o imagine t h a t a v a i l a b i l i t y 
of s u i t a b l e hardware w i l l be a l i m i t i n g f a c t o r , due to t h e mass ive impetus g iven 
to t h e semiconduc to r i n d u s t r y by m i l i t a r y and commercial c o m p e t i t i o n . 
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A p a r t i c u l a r l y high s t a n d a r d of a n a l y t i c a l a b i l i t y and s o f t w a r e 
e x p e r t i s e w i l l be r e q u i r e d to d e s i g n i n t e l l i g e n t sys tems f o r use when t e l e m e t r y 
pe r fo rmance i s l i m i t e d ; t h i s would app ly to t h e c o n t r o l o f , and v ideo r e c e p t i o n 
f rom, unmanned f ree-swimming v e h i c l e s . 
ANALYSIS OF FUTURE REQUIREMENTS FOR REMOTE VEHICLES 
The need f o r t h e f u r t h e r development of each v e h i c l e type l i s t e d in 
s e c t i o n 6 i s b r i e f l y ana lysed h e r e , i n c l u d i n g l i k e l y s o u r c e s of f u t u r e development 
and whe the r a European l e v e l of i n v e s t m e n t and e f f o r t i s r e q u i r e d . 
8 .1 Bottom l a n d i n g s t a t i c sys tems (20) 
F r e e - f a l l sys tems a r e , a t l e a s t a t p r e s e n t , e n t i r e l y of s c i e n t i f i c 
a p p l i c a t i o n . They a r e a l r e a d y be ing developed to a s o p h i s t i c a t e d l e v e l t o 
s u p p o r t b i o l o g i c a l , g e o p h y s i c a l , geochemical and g e o t e c h n i c a l r e s e a r c h in t h e 
deeper p a r t s of t h e o c e a n s . The r e s e a r c h unde r t aken i s i m p o r t a n t to an u n d e r -
s t a n d i n g of many p r o c e s s e s , i n c l u d i n g t h o s e c o n t r o l l i n g l i f e i n t h e ocean , 
t h e movement of t h e e a r t h ' s c r u s t and t h e o r i g i n and s t a b i l i t y of s ed imen ta ry 
l a y e r s . I t has a p p l i c a t i o n s r e l a t i n g to t h e d i s p o s a l o f r a d i o a c t i v e w a s t e , 
t o deep sea m i n i n g , to pe t ro leum p r o s p e c t s on t h e c o n t i n e n t a l s l o p e , to ocean 
c i r c u l a t i o n and c l i m a t i c change . 
S c i e n t i s t s working on t h e s e s u b j e c t s a g r e e t h a t more e l a b o r a t e sys tems 
w i l l be r e q u i r e d and t h a t t h e r e i s scope f o r deve lopmen t . F u t u r e bottom l a n d i n g 
d e v i c e s may i n c l u d e some of t h e f o l l o w i n g deve lopment s : 
1 . An i n c r e a s e in d a t a s t o r a g e . The a b i l i t y t o a c c e s s t h a t d a t a 
r emote ly by a v e h i c l e o r suspended sys tem, o r by t h e u se of a f i b r e o p t i c l i n k 
to t h e s u r f a c e o r by t h e r e l e a s e of a d a t a package to f l o a t t o t h e s u r f a c e on 
command. 
2 . G r e a t e r use of m i c r o p r o c e s s o r s i n i n t e l l i g e n t sys tems t o 
r e c o g n i s e e v e n t s , and i n i t i a t e o p e r a t i o n a l and r e c o r d i n g a c t i o n to o p t i m i s e 
t h e a v a i l a b l e v i s u a l and s c i e n t i f i c d a t a s t o r a g e . 
3 . Improved energy s t o r a g e , t o a l l o w f o r l o n g e r d u r a t i o n and to 
pe rmi t t h e use of mechanical p r o c e s s e s , more powerful l i g h t i n g , t h e o p e r a t i o n 
of t r a p s and sample r s e t c . The p o s s i b l e use of energy r e c h a r g i n g f rom mobi le 
v e h i c l e s . 
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Advanced bottom l a n d e r s a r e h i g h l y s p e c i a l i s e d , and w i l l probably 
be b u i l t by r e s e a r c h i n s t i t u t e s , o r c o n s o r t i a of r e s e a r c h i n s t i t u t e s . S i n c e 
the a p p l i c a t i o n s a r e so s p e c i a l i s e d , t h e r e i s l i t t l e o p p o r t u n i t y f o r a 
European i n i t i a t i v e to c o n t r i b u t e to t he d e s i g n of a c o m p l e t e sys tem. On 
t h e o t h e r hand, a s p e c t s of t he use of a r t i f i c i a l i n t e l l i g e n c e , submarine 
f i b r e - o p t i c s and power s o u r c e s a r e common to t h e s e and o t h e r deep ocean 
sys tems and could b e n e f i t f rom s p e c i a l i s e d r e s e a r c h . 
8 . 2 Cable lowered bottom l a n d e r (21) 
Cable sys tems a r e used in t h e o f f s h o r e i n d u s t r y to lower heavy work 
t o o l s and machinery f o r s t r u c t u r a l and p i p e l i n e r e p a i r s , and many o t h e r t a s k s . 
Robot ic d e v i c e s u s i n g c a b l e g u i d e s a r e a l s o be ing deve loped f o r i n s p e c t i o n 
and ma in tenance work on deep modules . In s c i e n t i f i c r e s e a r c h c a b l e , o r r o p e , 
lowered l a n d e r s a r e used f o r g e o p h y s i c a l , geochemical and g e o t e c h n i c a l 
sampl ing where w e i g h t i s needed to d r i v e c o r e r s and p r o b e s i n t o t h e s e d i m e n t s . 
These sys tems a r e l i k e l y to remain h i g h l y s p e c i f i c to s i n g l e t a s k s , 
and t o be developed by t h e companies and i n s t i t u t e s mos t c o n c e r n e d . S ince 
they depend on s u r f a c e s u p p o r t from a s h i p o r p l a t f o r m , u s u a l l y wi th 
s o p h i s t i c a t e d h a n d l i n g equ ipment , t hey a r e e x p e n s i v e t o o p e r a t e , b u t do 
not r e q u i r e t h e autonomous e n e r g y , d a t a s t o r a g e and s e l f - m a n a g e m e n t b u i l t 
i n t o f r e e - f a l l s y s t e m s . 
The t e c h n o l o g y w i l l p r o b a b l y evo lve t o cope w i t h s p e c i f i c e n g i n e e r i n g 
and s c i e n t i f i c needs in deep w a t e r . There does no t seem to be scope f o r 
E u r o p e a n - s c a l e invo lvement in t h i s s e c t o r . 
8 . 3 Remote o p e r a t e d v e h i c l e (ROV) (22) 
Remotely o p e r a t e d v e h i c l e s w i th c a b l e c o n t r o l have evolved e x t r e m e l y 
r a p i d l y in t h e l a s t decade , bu t t h e r e i s no s i g n t h a t a s lowing i n development 
w i l l t a k e p l a c e , e i t h e r in r e q u i r e m e n t s or p e r f o r m a n c e . 
ROVs a r e used mos t ly in s u p p o r t of o f f s h o r e o i l a c t i v i t i e s , and have 
a l s o been deve loped f o r m i l i t a r y p u r p o s e s . The range o f t a s k s now performed 
i s r e m a r k a b l e , in v a r i e t y , complex i t y and r e l i a b i l i t y . ROVs have become a 
work -ho r se of t h e o f f s h o r e i n d u s t r y , d i s p l a c i n g d i v e r s and manned s u b m e r s i b l e s 
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and b e l l s f o r a wide v a r i e t y of c o n t i n e n t a l s h e l f t a s k s . W h i l s t ROVs working 
below 1000 m a r e r e l a t i v e l y few in number, deve lopments such as t h e Dual Hydra 
2500 ( F r i s b i e , 1983) which i s de s igned t o work to 3000 m, show t h a t t he o f f s h o r e 
i n d u s t r i e s a n t i c i p a t e working a t g r e a t d e p t h s . In t h i s r e p o r t we p r o j e c t 
e x p l o r a t i o n d r i l l i n g to 4000 m and p r o d u c t i o n to 1200 - 1800 m by 1995. ROVs 
w i l l d e f i n i t e l y be r e q u i r e d to c a r r y o u t s o p h i s t i c a t e d work to t h e s e d e p t h s . 
Fu tu re ROV systems w i l l r e q u i r e some of t h e f o l l o w i n g t e c h n i c a l 
deve lopment s : 
1 . F u r t h e r development of m a s t e r / s l a v e p o s i t i o n a l and f o r c e - f e e d b a c k 
m a n i p u l a t o r s t o pe r fo rm d e l i c a t e and d e x t r o u s t a s k s . 
2 . F u r t h e r development of modular work f r a m e s and t o o l s so t h a t 
v e h i c l e s can be adap ted to a wide range of d i f f e r e n t t a s k s . 
3 . U t i l i s e s o p h i s t i c a t e d v ideo - imag ing to p r o d u c e w i d e - a n g l e 
p e r i p h e r a l v i s i o n , high r e s o l u t i o n c e n t r a l viewing and t h e a d d i t i o n of s t e r e o -
s c o p i c o r h o l o g r a p h i c viewing when r e q u i r e d . 
4 . Develop sona r imaging and p a t t e r n r e c o g n i t i o n p rocedu re s to g i v e 
l o n g e r range p i c t u r e s of t h e s u r r o u n d i n g s i t u a t i o n . 
5 . Develop u m b i l i c a l t e c h n o l o g y to i n c l u d e f i b r e o p t i c c o r e s in 
s t r a i n c a b l e s in a proven and f u l l y r e l i a b l e manner . 
•V.6. Develop t e c h n i q u e s f o r t h e use of f r ee - swimming UROVs in c o n j u n c t i o n 
wi th ROVs, p a r t i c u l a r l y f o r work in c o n f i n e d s p a c e s . 
In t h i s r a p i d l y expanding i n d u s t r y , backed by commerc ia l , m i l i t a r y and 
governmental i n t e r e s t s and r e s o u r c e s , i t i s d i f f i c u l t t o i d e n t i f y s p e c i f i c a r e a s 
of development which would b e n e f i t form European s c a l e i n v e s t m e n t and r e s e a r c h . 
Probably t h e most u s e f u l a r e a s would be : 
1 . Improvement and p o s s i b l e s t a n d a r d i s a t i o n i n t h e mechanica l d e s i g n , 
m a n u f a c t u r e and t e s t i n g of u m b i l i c a l s t r a i n c a b l e s c o n t a i n i n g f i b r e o p t i c c o r e s 
f o r deep ocean u s e . 
2 . Development of v i s u a l i s a t i o n t e c h n i q u e s f o r t h e b e t t e r c o n t r o l 
of ROV work t a s k s , and of t e c h n i q u e s to improve t h e r a n g e and r e s o l u t i o n i n 
v ideo and p h o t o g r a p h i c s u r v e y s . 
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We a l s o b e l i e v e t h a t t h e r e i s a need t o c o n s i d e r t h e development of 
an ROV system wi th a cage o r ga r age f o r use in s c i e n t i f i c r e s e a r c h in the deep 
o c e a n . This would have a p p l i c a t i o n s in s e r v i c i n g autonomous b e n t h i c s t a t i o n s , 
in t a k i n g p r e c i s e samples and c o r e s , in reoccupying a p r e v i o u s l y s t u d i e d p o i n t , 
i n examining and r e l e a s i n g i n a c t i v e s c i e n t i f i c i n s t r u m e n t moorings and as a 
s t a n d - b y r e s c u e too l f o r European d e e p - d i v i n g s u b m e r s i b l e s such as Cyana and 
SM 97. 
8 . 4 Bottom t r a c k e d mobi le v e h i c l e s (23) 
These sys tems w i l l be used main ly f o r c a b l e b u r i a l and p o s s i b l y p i p e -
l i n e r e p a i r work on t h e c o n t i n e n t a l s h e l f . . We found t h a t a s a f u t u r e development 
they a t t r a c t e d minimal s u p p o r t from i n d u s t r y and s c i e n t i s t s concerned wi th deep 
w a t e r a c t i v i t i e s . The on ly e x c e p t i o n could be from c o n s o r t i a i n t e r e s t e d in 
manganese nodule min ing , where p r o j e c t e d schemes i n c l u d e a heavy sea bed 
s e c t i o n which i s dragged o r p r o p e l l e d a c r o s s t h e ocean f l o o r . I f such machines 
were des igned t h e r e would o n l y be a few i n t h e w o r l d , and they would be deve loped 
by t h e major i n d u s t r i a l c o n s o r t i a which have a l r e a d y i n v e s t e d in t h i s a rea 
( s ee s e c t i o n 5 . 4 ) . The major mining companies c o n s i d e r t h a t i n v e s t m e n t i n 
t h e commercial p r o d u c t i o n f rom manganese nodules w i l l n o t s t a r t w i t h i n t h e 
nex t t e n y e a r s , due to economic and p o l i t i c a l c o n s t r a i n t s . 
8 . 5 U n t e t h e r e d , f r ee - swimming , ROVs (UROV) (24) 
Busby (1981) i d e n t i f i e s on ly 3 UROVs c a p a b l e o f working below 1000 m. 
These v e h i c l e s have enormous t h e o r e t i c a l p o t e n t i a l in g e o p h y s i c s and p h y s i c a l 
oceanography ( see s e c t i o n s 5 .17 and 5 . 1 8 ) bu t a r e a t p r e s e n t c o n s t r a i n e d by 
some d a u n t i n g p h y s i c a l and t e c h n i c a l o b s t a c l e s . We b e l i e v e t h a t ma jo r 
i n v e s t m e n t in t h i s a r e a could produce v a l u a b l e s c i e n t i f i c r e s u l t s on a European 
s c a l e . The p r e s e n t , p r o t o t y p e , v e h i c l e s s u f f e r from c o n s i d e r a b l e l i m i t a t i o n s . 
These a r e : 
1 . L imi ted e n e r g y . This no t on ly l i m i t s r a n g e , but a l s o a f f e c t s 
t h e a b i l i t y to o p e r a t e s e n s o r s which could be c a r r i e d such a s : s i d e s c a n s o n a r , 
swath-mapping s o n a r , sub-bo t tom p r o f i l e r , d o p p l e r s o n a r , magne tomete r , CTD and 
cameras . 
2 . L imi ted payload and buoyancy c o n t r o l . T h i s i s p a r t l y due to 
t h e . p r e s e n t s i z e of t h e v e h i c l e s . 
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3 . Poor t e r r a i n f o l l o w i n g and poor a l t i t u d e , t r a j e c t o r y and 
a t t i t u d e c o n t r o l . 
4 . Limi ted a c o u s t i c bandwidth f o r t h e t r a n s m i s s i o n of da t a and 
c o n t r o l s i g n a l s . 
5 . Limi ted on-board d a t a s t o r a g e . 
We unde r s t and CNEXO-BOM a t Toulon a r e working on t h e development of a 
s u p e r - E p a u l a r d wi th t h r u s t e r s to c o n t r o l t h e a t t i t u d e a t s low speed , more 
s o p h i s t i c a t e d fo rward sona r and a u t o m a t i c t r a j e c t o r y r e s p o n s e , s i d e s c a n sona r 
and slow r a t e TV image t r a n s m i s s i o n . 
All t h e above f a c t o r s which l i m i t t h e p r e s e n t pe r fo rmance of u n t e t h e r e d 
ROVs a r e s u s c e p t i b l e to r e s e a r c h i n v e s t m e n t , and many o f t h e r e l e v a n t e n g i n e e r i n g 
t o p i c s have been d i s c u s s e d in s e c t i o n 7 ( see 7 . 1 , 7 . 6 , 7 . 7 , 7 . 8 , 7 .17 and 7 . 1 9 ) . 
A c o n c e r t e d programme of r e s e a r c h could be launched to remove o r a m e l i o r a t e t h e s e 
l i m i t a t i o n s and to d e s i g n a v e h i c l e of advanced p e r f o r m a n c e f o r use t h r o u g h o u t 
t h e w a t e r column to a maximum depth of 6000 m. Such a m a j o r programme would 
i n c l u d e sub-programmes on i n t e g r a t e d n a v i g a t i o n , t h e c o n t r o l of t r a j e c t o r y , 
a l t i t u d e , a t t i t u d e and o b s t a c l e avo idance by means of a r t i f i c i a l i n t e l l i g e n c e , 
t h e development of h i g h e r d e n s i t y energy s t o r a g e and improved p r e s s u r e v e s s e l s 
and buoyancy c o n t r o l . 
A c a s e e x i s t s f o r i n v e s t m e n t in such a programme b r i n g i n g t o g e t h e r 
e x p e r t i s e from s e v e r a l European i n s t i t u t i o n s and m a n u f a c t u r e r s . At t h e moment 
t h e r e i s - l i t t l e o r no commercial development in t h i s s e c t o r , a l t h o u g h t h e 
v a l u e of removing t h e u m b i l i c a l has been f u l l y a p p r e c i a t e d by ROV o p e r a t o r s . 
The l a ck of commercial r e s e a r c h in t h i s s u b j e c t i s a r e f l e c t i o n , p r o b a b l y , of 
t h e r e a l complex i ty of t h e problem, t h e high i n v e s t m e n t needed , and t h e high 
l e v e l of e f f o r t a l r e a d y be ing devoted to improving ROVs. Thus a development 
which would p robab ly s t a r t w i th s c i e n t i f i c o b j e c t i v e s , c o u l d r e s u l t in g r e a t 
commercial b e n e f i t s . 
8 . 6 Towed unmanned sys tems (25) 
These sys tems a r e a l r e a d y be ing developed to a s o p h i s t i c a t e d l e v e l by 
major r e s e a r c h i n s t i t u t i o n s . F u r t h e r development and improvements a r e c e r t a i n , 
bu t they w i l l p robab ly not be r a d i c a l . Towed sys tems w i l l be a d a p t e d t o i n c l u d e 
93 
m u l t i p l e v e h i c l e s such as PARC-ERIC (one v e h i c l e wi th l i g h t s , t h e o t h e r w i th 
cameras) and w i l l b e n e f i t from t he development of wide -bandwid th t e l e m e t r y 
when c a b l e s wi th f i b r e o p t i c c o r e s a r e proven and by improved v i s u a l i s a t i o n 
t e c h n i q u e s . The number of u s e r s f o r such sys tems i s l i m i t e d , and t h e n e c e s s a r y 
development i n v e s t m e n t w i l l come from s c i e n t i f i c and m i l i t a r y s o u r c e s . We do 
no t f o r e s e e a ma jo r European component in t h i s t ype o f v e h i c l e . 
8 . 7 Manned s u b m e r s i b l e s (26) 
From our d i s c u s s i o n s wi th g e o p h y s i c i s t s and b i o l o g i s t s in Europe, 
i t i s c l e a r t h a t t h e r e i s a s c i e n t i f i c i n t e r e s t in t h e u s e of a manned s u b m e r s i b l e 
c a p a b l e of working down t o 6000 m. In geophys ica l and g e o l o g i c a l s t u d i e s i t 
would be used p a r t i c u l a r l y in rugged t e r r a i n to sample r o c k exposu re s and to 
examine t h e v e r t i c a l s t r a t i g r a p h y . I t could a s s i s t i n t h e p l a c i n g of l o n g -
term s e i s m i c s t a t i o n s and a l s o bench marks f o r g e o d e t i c s u r v e y i n g . More 
p r e c i s e g r a v i t y measurements a r e a l s o p o s s i b l e and such a v e h i c l e would be 
p a r t i c u l a r l y v a l u a b l e f o r u n d e r - i c e su rvey ing and s e i s m i c s . B i o l o g i s t s a l s o 
b e l i e v e t h e r e i s c o n s i d e r a b l e p o t e n t i a l f o r such v e h i c l e s , g iven an improved 
p a y l o a d , b e t t e r endurance and more c o m f o r t and v i s i b i l i t y than p r e s e n t v e h i c l e s . 
A s u b m e r s i b l e cou ld be used in t h e p r e l i m i n a r y phases o f many bottom e x p e r i m e n t s 
on p r o d u c t i v i t y , m i g r a t i o n e t c . and t o s u b s e q u e n t l y s e r v i c e such e x p e r i m e n t s . 
There would need to be a d e q u a t e buoyancy c o n t r o l and t h e a b i l i t y t o move up 
and down through a r ange of 500 - 1000 m to moni to r v e r t i c a l m i g r a t i o n . We 
b e l i e v e u s e r s in t h e m i l i t a r y and commercial f i e l d s would a l s o v a l u e t h e 
a v a i l a b i l i t y of a v e h i c l e wi th t h i s p e r f o r m a n c e . 
At t h e p r e s e n t CNEXO-BOM a r e c o n s t r u c t i n g a s u b m e r s i b l e , SM 97, which 
w i l l have t h e c a p a b i l i t y to d i v e to 6000 m. In form i t i s very s i m i l a r to 
Cyana which i s now some 15 y e a r s o l d . I t w i l l c o n t a i n a pe r sonne l s p h e r e in 
t i t a n i u m bu t o t h e r w i s e would seem to f o l l o w t h e d e s i g n p a t t e r n f o r m u l a t e d many 
y e a r s ago . Such s u b m e r s i b l e s have a d i v i n g endurance o f some 8 - 1 2 hours in 
cramped c o n d i t i o n s , and a r e very l i m i t e d in t h e energy and payload t h e y can 
c a r r y and t h e v a r i a b l e buoyancy a v a i l a b l e . These f a c t o r s l i m i t t h e i r s c i e n t i f i c 
u s e f u l n e s s to a marked d e g r e e . 
There a r e t h o s e who b e l i e v e t h a t manned s u b m e r s i b l e s have reached t h e 
end o f t h e i r deve lopment . However we do no t i n c l i n e t o t h i s view b u t r a t h e r 
b e l i e v e t h a t t h e p r e s e n t obv ious shor t comings could be r e m e d i e d , w i t h s u i t a b l e 
t ime and i n v e s t m e n t , t o produce a new g e n e r a t i o n of autonomous v e h i c l e s 
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w i th much improved pe r fo rmance and h a b i t a b i 1 i t y . The s c a l e of inves tmen t 
needed to adop t and e n g i n e e r new t e c h n o l o g i e s f o r a deep ocean submer s ib l e 
would j u s t i f y European c o - o p e r a t i o n . This e f f o r t would i n c l u d e r e s e a r c h on 
new hu l l m a t e r i a l s ( s ee s e c t i o n 7 . 8 ) , energy s t o r a g e ( 7 , 1 ) , prime movers ( 7 . 2 ) , 
buoyancy c o n t r o l , n a v i g a t i o n ( 7 . 6 ) and o t h e r s p e c i a l i s a t i o n s . If a v e h i c l e 
were to be b u i l t , i t cou ld e i t h e r be a h i g h e r pe r fo rmance o n e - d i v e v e h i c l e , 
o r m u l t i - w a t c h l o n g e r endurance v e h i c l e , depending upon t h e e n g i n e e r i n g 
outcome of t h e des ign s t u d i e s and t h e accompanying d e t a i l e d s c i e n t i f i c and 
i n v e s t m e n t needs . 
We a l s o b e l i e v e t h a t w i t h i n the s u b m e r s i b l e s e c t o r t h e combina t ion 
of an autonomous medium dep th v e h i c l e wi th an ROV, o r small deep ocean manned 
s u b m e r s i b l e , should be e x p l o r e d as an a l t e r n a t i v e . T h i s concep t of a long 
endurance mother submar ine c a r r y i n g t h e b a s i c 'work t o o l ' i s more f l e x i b l e 
than t h e f i r s t system and would no t r e q u i r e a d i r e c t mother v e s s e l , and might 
f i n d wide r a p p l i c a t i o n s in d e p t h s from 1000 - 4000 m of i n t e r e s t t o t h e o i l 
i n d u s t r y . In such a system t h e mother submarine o r s u b m e r s i b l e would i n c l u d e 
some of t h e d e s i g n p r i n c i p l e s developed by IKL-Gabler and SSOS, and would be 
l i k e l y t o employ a c l o s e d c y c l e f u e l burn ing energy s o u r c e . 
In t h e c o n t e x t of manned s u b m e r s i b l e d e v e l o p m e n t , we would s t r o n g l y 
recommend t h a t t h e Comex-CNEXO Argyron^ te p r o j e c t i s s t u d i e d wi th a view to 
making a European t e c h n i c a l and f i n a n c i a l i n v e s t m e n t i n t h e p r o j e c t so t h a t 
t h e submar ine can be used as a s e a - g o i n g t r i a l s v e s s e l . We b e l i e v e i t i s 
wel l s u i t e d to be a p l a t f o r m on which new m a t e r i a l s , e n e r g y s o u r c e s , s econda ry 
c e l l s , n a v i g a t i o n a l equ ipmen t , p r o c e s s i n g , c o n t r o l g e a r e t c . can be t e s t e d i n a 
r e a l i s t i c env i ronmen t . 
8 . 8 Towed and suspended manned systems (27) 
These sys tems a r e l i k e l y t o be l i m i t e d to d e p t h s of t h e o r d e r of 
1000 - 2000 m and have l i m i t e d and s p e c i a l i s e d commercial a p p l i c a t i o n s . 
V e h i c l e s w i l l be developed by commercial f i r m s when r e q u i r e d . We do no t 
b e l i e v e t h a t t h e r e i s any r e q u i r e m e n t f o r a European c o n t r i b u t i o n to t h i s 
s e c t o r . 
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9. RECOMMENDATIONS 
This s e c t i o n conc ludes t h e r e p o r t wi th a l i s t o f p r o j e c t s and s p e c i a l i s t 
recommendations which we b e l i e v e could be advanced by European c o - o p e r a t i o n 
and i n v e s t m e n t . The method of such c o - o p e r a t i o n , t he l e v e l of inves tment 
r e q u i r e d , t h e p r i o r i t i e s of t h e d i f f e r e n t o p t i o n s and t h e degree of d i r e c t 
involvement by the J o i n t Research Cen t r e would be a m a t t e r f o r f u r t h e r 
d i s c u s s i o n s and s t u d y in Phase 2 of t h i s c o n t r a c t . The f i n a n c i n g of o p e r a t i o n s , 
the l o g i s t i c s invo lved and t h e emergency s u p p o r t needed would a l s o be c o n s i d e r e d 
in Phase 2 . 
Major v e h i c l e projects recommended: 
1 . A 6000 m manned s u b m e r s i b l e , c a p a b l e of r e m a i n i n g submerged 
f o r a t l e a s t 4 d a y s , wi th p r o v i s i o n f o r s h i f t s of crew and s c i e n t i f i c o b s e r v e r s , 
s o p h i s t i c a t e d n a v i g a t i o n and d a t a l o g g i n g , and p r o v i s i o n f o r e x t e n s i v e 
expe r imen ta l equ ipment , i n c l u d i n g t h e use of m a n i p u l a t o r s and work t o o l s . 
2 . A h y b r i d ' p i g g y back ' s u b m e r s i b l e sys tem c o n s i s t i n g of a l a r g e 
mother submar ine c a p a b l e of d i v i n g to 1000 - 2000 m and c a r r y i n g a s m a l l e r deep 
ocean v e h i c l e c a p a b l e of descend ing to 5000 m wi th a u s e f u l work pay load . 
3 . An u n t e t h e r e d remote o p e r a t e d v e h i c l e w i t h a depth c a p a b i l i t y 
of 5000 m and u s e f u l p a y l o a d , i n c l u d i n g i n t e g r a t e d n a v i g a t i o n wi th i n t e l l i g e n t 
c o n t r o l s y s t e m s , 24 hour endurance and a high r a t e of d a t a g a t h e r i n g wi th l a r g e 
volume s t o r a g e . 
4 . A 6000 m remote o p e r a t e d v e h i c l e , lowered i n a ' g a r a g e ' and 
c a p a b l e of c o n d u c t i n g s o r t i e s from t h e garage u s ing an u m b i l i c a l c o n n e c t i o n . 
Required to c a r r y s o p h i s t i c a t e d work t o o l s and v ideo e q u i p m e n t . 
Subsystem development recommended: 
1 . New m a t e r i a l s , i n c l u d i n g c a r b o n / g r a p h i t e / k e v l a r f i b r e compos i t e s , 
m e t a l - c e r a m i c c o m p o s i t e s , e t c . , should be t e s t e d and d e v e l o p e d f o r t h e c o n s t r u c -
t i o n of l a r g e p r e s s u r e v e s s e l s and o t h e r components in manned and unmanned 
v e h i c l e s f o r deep ocean u s e . 
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2. The use of novel ene rgy s o u r c e s , p a r t i c u l a r l y t h e c l o s e d c y c l e 
S t i r l i n g and d i e s e l e n g i n e and t h e i r a s s o c i a t e d f u e l s y s t e m s , and c e r t a i n 
secondary b a t t e r i e s , should be i n v e s t i g a t e d . Compara t ive t r i a l s , and development 
and m o d i f i c a t i o n s should be c a r r i e d o u t to e v a l u a t e t h e p o t e n t i a l of each t y p e 
of power sou rce in r e a l i s t i c working c o n d i t i o n s a t s e a . 
3 . Advanced computer and p r o c e s s i n g t e c h n i q u e s , i n c l u d i n g the 
development of a r t i f i c i a l i n t e l l i g e n c e , should be a p p l i e d t o the problem of 
c o n t r o l l i n g u n t e t h e r e d remote o p e r a t e d v e h i c l e s and o t h e r systems to minimise 
t h e e f f e c t s of low d a t a r a t e and d e l a y in s i g n a l t r a n s m i s s i o n . 
4 . Development should be unde r t aken in advanced n a v i g a t i o n sys tems 
f o r .both manned and unmanned v e h i c l e s , i n t e g r a t i n g t h e optimum per formance 
a v a i l a b l e from systems employing a c o u s t i c beacons , e l e c t r o - m a g n e t i c l o g s , 
i n e r t i a l n a v i g a t i o n e t c . T e r r a i n f o l l o w i n g systems s h o u l d be i n v e s t i g a t e d f o r 
f a s t n e a r - b o t t o m su rveys and t h e s a f e o p e r a t i o n of manned and unmanned f r e e 
v e h i c l e s . 
5 . Improved v i s u a l i s a t i o n and a c o u s t i c imaging t e c h n i q u e s , i n c l u d i n g 
p a t t e r n r e c o g n i t i o n schemes, shou ld be developed f o r t h e b e t t e r c o n t r o l of ROVs 
and work t o o l s . S t e r e o g r a p h i c and h o l o g r a p h i c sys tems s h o u l d be i n v e s t i g a t e d . 
6 . F u r t h e r development i s needed , and t e s t f a c i l i t i e s a r e r e q u i r e d , 
f o r u m b i l i c a l c a b l e s c a p a b l e of combining f i b r e o p t i c s w i t h s t r a i n members and 
o t h e r c o n d u c t o r s , wi th a maximum l e n g t h of 10 km. 
7 . Tes t f a c i l i t i e s shou ld be developed f o r i n v e s t i g a t i n g t h e 
pe r fo rmance of m a t e r i a l s , s u b m e r s i b l e components , subsys tems and a s s e m b l i e s a t 
d e p t h s down to 6000m, both i n t h e l a b o r a t o r y and a t s e a , w i t h t h e p o s s i b i l i t y 
of l e a v i n g m a t e r i a l s o r sys tems exposed f o r long p e r i o d s . 
8 . The French s u b m e r s i b l e ' A r g y r o n e t e ' p r o j e c t should be examined 
wi th a view t o s u p p o r t i n g i t s development as an u n d e r w a t e r t e s t - b e d f o r t h e sea 
t r i a l s of c l o s e d c y c l e e n g i n e s and o t h e r energy s o u r c e s , and t h e t e s t i n g of o t h e r 
l a r g e components and subsys tems in r e a l i s t i c o p e r a t i o n c o n d i t i o n s . 
- 97 -
ACKNOWLEDGEMENTS 
The a u t h o r s a r e i n d e b t e d to many c o l l e a g u e s who g e n e r o u s l y gave of t h e i r 
t ime and knowledge d u r i n g v i s i t s made to i n d u s t r y , u n i v e r s i t i e s and l a b o r a t o r i e s 
i n t h e UK and Europe. A l i s t of a l l who a s s i s t e d i s g i v e n i n Appendix I . 
P a r t i c u l a r he lp was r e n d e r e d by members of t h e Appl ied Phys ic s and Ocean 
Eng inee r ing Groups a t ICS in p r o v i d i n g t e c h n i c a l i n f o r m a t i o n f o r Sec t ion 7 
on v e h i c l e s u b - s y s t e m s . 
- 98 -
APPENDIX T : LIST OF ORGANISATIONS AND PEOPLE VISITED 
Dr. Torben W o l f f , Zoologisk Museum, U n i v e r s i t e t s p a r k e n 1 5 , DK-2100 Copenhagen, 
Dr. F e l i x Abedik , Department of Geophys i c s , CNEXO, C e n t r e Oceanologique 
de B r e t a g n e , 29N P l o u z a n e , Bo i t e P o s t a l e 337, 29273 B r e s t Cedex. 
Dr. P a t r i c k B o r o t , CNEXO, B o i t e P o s t a l e 152, 53500 La Seyne s u r Mer. 
Dr. P i e r r e Chardy, Department of Marine Eco logy , CNEXO, Cen t re Oceanologique 
de B r e t a g n e , 29N P louzane , B o i t e P o s t a l e 337, 29273 B r e s t Cedex. 
Dr. J o e l C h a r l e s , Cent re d ' E t u d e s e t des Recherches Techn iques Sous Mar ine , 
Bo i t e P o s t a l e 77 , 83800 Toulon-Nava l . 
Dr. Daniel D e s b r u y e r e s , CNEXO, Centre Oceanologique de B r e t a g n e , 29N P l o u z a n e , 
B o i t e P o s t a l e 337, 29273 B r e s t Cedex. 
Dr. Lucien L a u b i e r , D i r e c t o r of Programmes & C o - o r d i n a t i o n , CNEXO, 
66 Ave d ' l e n a , 75116 P a r i s . 
Monsieur F. Marazanof , P. Le Chef de S e r v i c e des R e l a t i o n s I n t e r n a t i o n a l e s , 
CNEXO, 66 Ave d ' l e n a 75116 P a r i s . 
Monsieur J . Miche l , CNEXO, BOM, Bo i t e P o s t a l e 2 , 83501 La Seyne Cedex. 
Dr. David Needham, Department of Geophys i c s , CNEXO, C e n t r e Oceanologique de 
B r e t a g n e , Bo i t e P o s t a l e 337, 29273 B r e s t Cedex. 
Monsieur J ean -C laude P u f o l , I n d u s t r i a l D i r e c t o r , CNEXO, 66 Ave d ' l e n a , 
75116 P a r i s . 
Dr. Myriam S i b u e t , CNEXO, Cent re Oceanologique de B r e t a g n e , Bo i t e P o s t a l e 337, 
29273 B r e s t Cedex. 
Monsieur M. V o i s s e t , Department of Geophys i c s , CNEXO, C e n t r e Oceanologique 
de B r e t a g n e , Bo i t e P o s t a l e 337, 29273 B r e s t Cedex 
99 -
GERMANY 
Dr. Werner F e l d t , I so topen Labora to r ium de r B u n d e r f o r s c h u n g s a n s t a l t f u r 
F i s c h e r e i , Wustland 2, 0-2000 Hamburg 55. 
Dr. , Hans F r i c k e , Max-Planck I n s t i t u t , D-8131 Seewiesen . 
M. G a b l e r , I n g e n i e u r k o n t o r Lubeck, P.O. Box 1690, N i e l s - B o h r - R i n g 5/5A, 
D-2400 Lubeck 1. 
Dr. F .C. Kogle r , G e o l o g i s c h - P a l a o n t o l o g i s c h e s I n s t i t u t d e r U n i v e r s i t a t , 
O l s h a u s e n s t r a s s e 4 0 - 6 0 , D-2300 K i e l . 
Dr. P e t e r Kruger , I n g e n i e u r k o n t o r Lubeck, P.O. Box 1690 , N ie l s -Bohr -R ing 5/5A. 
D-2400 Lubeck 1. 
P r o f e s s o r Dr. M i c h a e l i s , GKSS For schungszen t rum, D-2054 G e e s t h a c h t . 
Dr. R. P e p e l n i k , GKSS Forschungszen t rum D-2054 G e e s t h a c h t . 
Dr. Ola f P fannkuche , I n s t i t u t f u r Hydrob io log i e und F i s c h e r e i w i s s e n s c h a f t d e r 
U n i v e r s i t a t Hamburg, 2 Hamburg 5 0 , P a l m a i l l e 55. 
Dr. P. S z e l a g o w s k i , GKSS For schungszen t rum, D-2054 G e e s t h a c h t . 
Dr. Hja lmar T h i e l , I n s t i t u t f u r Hydrob io log i e und F i s c h e r e i w i s s e n s c h a f t de r 
U n i v e r s i t a t Hamburg, 2 Hamburg 50 , P a l m a i l l e 55. 
Dr. Wei c h e r t , I so topen Labora to r ium de r B u n d e r f o r s c h u n g s a n s t a l t f u r 
F i s c h e r e i , Wustland 2 , D-2000 Hamburg 55. 
ITALY 
G.E. M e l e g a r i , Saipem S . p . a . , P.O. Box 4159, Mi lan . 
Dr. C.N. Murray, Commissione d e l l e Comunita Europee , C e n t r e Comune di R ice rca 
S e r v i z i o C o n t r a t t i , Cen t ro Euratom d i , 1-21020 ISPRA ( V a r e s e ) . 
Dr. G.G. S a n t i , Sub Sea Oil S e r v i c e s S . p . a . , Via d e l l a S c a f a 19, 
P.O. Box 13, 00054-F iumic ino , Roma, 
Capt . Rober to T r u g l i o , General Manager, Sub Sea Oil S e r v i c e s S . p . a . , 
Via d e l l a Sca fa 19, P.O. Box 13, 00054-F iumic ino , Roma. 
- lUU -
Dr. Hans Brattstrom, B i o l o g i s k S t a s j o n Espegrend , N-5065 B l o m s t e r d a l e n . 
Mr. Magnussen, Norwegian Pe t ro l eum Directorate, P.O. Box 600, 4001 S t a v a n g e r . 
Per Rosengren , Norwegian Pe t ro l eum D i r e c t o r a t e , P.O. Box 600, 4001 S t a v a n g e r . 
Mr. Gunnar E i g e r t , United S t i r l i n g A . B . , Box 856 , 201-80 Malmo. 
Mr. K j e l l H e l l q u i s t , Naval E n g i n e e r i n g Depar tment , Kockums A . B . , Box 832, 
Pack , 201-80 Malmo 
P r o f e s s o r H e r b e r t N i l s s o n , Managing D i r e c t o r , Sub Power A . B . , P.O. Box 856, 
S-201 80 Malmo. 
Mr. Sven-Ake N i l s s o n , Underwater E n g i n e e r i n g D e p a r t m e n t , Kockums A.M., 
Box 832, Pack , S-201 80 Malmo. 
Dr. J a r l - O v e S t romberg , K r i s t i n e b e r g Marine B i o l o g i c a l S t a t i o n , 
S-450 34 P i s k e b a c k s k i 1 . 
Dr. M.v.". Angel 
Mr. J . Crease 
Dr. T . J . G . F r a n c i s 
Dr. W.J. Gould 
Dr. B.S. McCartney 
Dr. A.L. Rice 
Dr. R.C. S e a r l e 
Dr. J . B . Wilson 
Dr. T .R .S . Wilson 
I n s t i t u t e of Oceanograph ic S c i e n c e s 
Wormley, Godalming, Su r rey 
Capta in G.H. Bown R .N . , and Mr. J . MacFadyen, 
Admira l ty Underwater Wespons E s t a b l i s h m e n t , P o r t l a n d , D o r s e t DT5 2JS 
Mess rs . M.W. Byham and D. L i d d l e , S l i n g s b y E n g i n e e r i n g L t d . , K i rbymoors ide , 
North Y o r k s h i r e Y06 6EZ. 
- I U I 
Mr, I . Dempster , B r i t i s h Oceanics L t d . , Eas t Old Dock, L e i t h , Edinburgh EH5 6PH. 
Commander B. Forbes R .N, , 66 C r e s c e n t Road, A l v e r s t o k e , Hants P012 2DN 
Dr. A. Fowle r , Department of Marine E n g i n e e r i n g , S t ephenson B u i l d i n g , 
U n i v e r s i t y of Newcas t l e , Claremont Road, Newcas t l e -upon-Tyne NEl 7RU 
Mr. D. Hampson. Chairman, OSEL Group, Boundary Road, G r e a t Yarmouth, 
Norfolk NR31 OLU 
Messr s . C. L a f e r t y and O.A.D. W i l l i a m s , S. Slocambe and G. G o u l s t o n , 
BP I n t e r n a t i o n a l L t d . , B r i t a n n i c House, Moor Lane, London EC2Y 9BU 
Mr. J .M. Lawes, B r i t i s h Underwater P i p e l i n e E n g i n e e r i n g (Hydra-Lok) L t d . , 
Walney Road, B a r r o w - i n - F u r n e s s , Cumbria LA14 5UG 
Mr. M. M u n c a s t e r , She l l (UK) E x p l o r a t i o n & P r o d u c t i o n , S h e l l C e n t r e , 
London SEl 7NA. 
Mr. J . O ' L e a r y , Ricardo E n g i n e e r i n g L t d . , Shoreham-by-Sea , Sus sex . 
Mr. L. P e a r c e , Admira l ty Marine Technology E s t a b l i s h m e n t , Holton Hea th , 
P o o l e , D o r s e t . 
Mr. K.D. Smale-Adams, RTZ Deep Sea Mining E n t e r p r i s e s L t d . , P.O. Box 133, 
6 S t . James S q u a r e , London S.W.I 
Mr. D.H. Smi th , John Brown Subsea L t d . , 20 Eas tbou rne T e r r a c e , London W2 6LE 
Mr. N . J . Smi th , Chairman, B r i t i s h Underwater E n g i n e e r i n g L t d . , T r a f a l g a r House, 
Hammersmith I n t e r n a t i o n a l C e n t r e , London 
- 102 
APPENDIX 2 - BIBLIOGRAPHY 
This bibliography contains those references used by the authors in 
the production of the report. Apart from the first group with, a 
general application, they are arranged in the same order as the 
sections and sub-sections to which they refer. The bracketed 
numbers correspond to those shown in brackets after each section 
heading in the report. 
GENERAL 
Trillo, R.L., 1979 (ed). Janes Ocean Technology, 
4th Edition, 1979-1980. 
Busby Associates Inc., 1981. Undersea Vehicles Directory. 
Busby, R.F., 1976. Manned submersibles. Office of the 
Oceanographer of the Navy, 764 pp. 
Vadus, J.R. and Busby, R.F,, 1979. Remotely operated 
vehicles - an overview, pp. 120-129 in Marine 
Technology Ocean Energy, Washington: MTS. 
Girard, D., and Jarry, J., 1981. Exploration of the 
Deep: a survey of recent French developments. 
Marine Technology Society Journal 15(4) 3-10. 
Hawkes, G.S., 1981. Limitations of diver alternative 
systems, pp. 407-414 in Offshore Technology 
Conference, Vol. 1, 1981, OTC 3996. 
Galerne, A., 1980. New underwater threshold of the 
1980s, demands new answers from underwater 
contractors, pp. 33-39 in Offshore Technology 
Conference, 1980, Vol. 1, OTC 3678. 
% 
Allmendinger, E.E., 1981. Identification of missions 
lor potential unmanned untethered submersible 
systems, pp. 73-77 in Oceans '81, Vol. 1. 
Busby, R.F., 1978. Engineering aspects of manned and 
remotely controlled vehicles. Sea Floor Development: 
moving into deep water, Phil. Trans. R. Soc. Lond. A 
290 135-152. 
Talkington, H.R., 1981. Undersea work systems. New York: 
Marcel Dekkar Inc., 165 pp. 
Daubin S.C., 1969. Deep submergence vehicles for ocean 
research, WIOI 69-86. 
- 103 -
Dunbar, R.M., 1983. The role of tetherless ROVs in 
inspection - a practical assessment for the 
future, International Underwater Systems Design, 
5(1) 9-10, 12-13, 15. 
Busby, R.F., 1977. Unmanned submerslbles, pp. 23-59 
In Submerslbles and their use in oceanography and 
ocean engineering, E.A. Geyer (ed), Elsevier. 
Swiss submersible range extended. North Sea Observer 6/7 
1983, 2U-21. 
Looking at the end of the ROV tether, Tlie Oilman, 
June 1983, 33-35. 
Movement in the West German submersible sector. North 
Sea Observer 6/7, 1983, 18-19. 
Frisbie. R.F., 1983. Development of a full function 
remote work system capable of 5000 meter operation, 
Subtech '83, Society of Underwater Technology, 
London. 
(j_) Offshore Oil and Gas Industry 
Lowes, J.M. and Milton, A.C., 1981. ''HYDRA-LOK' -
a new concept on the connection of structures 
to tubular pile foundations in Deep Offshore 
Technology International Conference, 1981. 
Lowes, J.M., Hunter, K.C. and Lovell, J.M., 1983. 
Kiser conversion on Thistle 'A' Platform in the 
Worldwide Underwater Technology '83 Exhibition, 
1983. 
% 
Tears, M.L., 1979. An unmanned tethered maintenance 
vehicle for deepwater production riser maintenance, 
pp. 1905-1912 in Offshore Technology Conference, 
1979 III. 
Hurd, D.R., 1979. Deep water drilling support using 
manned submersible Pisces VI, pp. 1899-1904 in 
Offshore Technology Conference, 1979, Vol. 3. 
Decesari, R.J., 1982. The use of tethered vehicles 
in oil field applications, pp. 86-91, Oceans '82. 
Collins, C.L., 1981. ARMS: A proven, remotely operated 
manipulator system ready now to support offshore 
drilling in depths to 13,000 ft., pp. 1165-1167 in 
Oceans '81 conference record. Vol. 2, New York: IEEE. 
- 104 
Hainpson, D.J. and Hawkes, G.S., 1980. Operations with 
tethered manned submersibles, pp. 9-17 in Offshore 
Technology Conference, 19R0, Vol. 1. 
Bursaux, A.G. and Flewy, G.J., 1980. Assistance up to 
3300 feet depths, pp. 365-373 in Offshore Technology 
Conference, 1980, Vol. 1, OTC 3721. 
Solo: A new generation ROV, International Underwater 
Systems Design 5(3) 10-12, 1983. 
Frisbie, F.R., 1983. Development of a full function remote 
work system capable of 5000 meter operation, in 
Subtech '83, Society of Underwater Technology, London. 
McKelvey, V.E. and Wang, F.F.H., 1969. World subsea mineral 
resources, Miscellaneous geologic investigations. 
Maps 1-632, US Geological Survey, Washington, USA. 
Watt, A.M., 1983. An operator's view of remotely operated 
vehicles, Subtech '83, Society of Underwater Technology, 
London. 
Norwegian Petroleum Department, 1982. Petroleum Outlook, 
btavanger, Norway, 48 pp. 
(_2) Pipelaying 
Migliaresa, J-L., Bonaria, D., Baylot, M. and Henis, G., 
1981, Automatic deep water pipeline repair system, 
pp. 195-206 in Offshore Technology Conference, 
1981 Vol. II, OTC 4029. 
Silvestri, A. and Oliveri, V., 1981. Manned submarines 
and remotely operated equipment as construction 
tools tor advanced offshore projects, pp. 505-
514 in Offshore Technology Conference, 1981 
Vol. IV, OTC 4167. 
DiTella, V., Minach, G. and Vielmo, P., 1981. TM402 -
a new operating cable and pipe burying system, 
pp. 283-300 in Offshore Technology Conference, 
1981, Vol. 1, OTC 3983. 
Bianchl, S., Cao, S., and Oliveri, V., 1980. New 
solutions and improvements to pipelaying developed 
during construction of very deep water sealine 
within transmediterranean project, pp. 35—43 in 
Offshore Technology Conference, 1980, Vol. II, 
UTC 3/39. 
105 
Cameron, G. and Hay, J., 1979. Practical considerations 
and applications tor wheeled seabed vehicles 
based on operational experiences of the worlds 
first commercial seabed vehicle - Seabug 1, 
pp. 1929-1937 in Offshore Technology Conference 
1979, Vol. Ill, OTC 3578. 
Michel, D., 1980. The small remote controlled vehicle 
as a work, tool, pp. 355-363 in Offshore Technology 
Conference, 1980, Vol. 1, OTC 3720. 
Biberg, 0. and Aril, B., 1979. A new trenching system 
for deep water pipelines, pp. 1939-1952 in 
Offshore Technology Conference, 1979, Vol. Ill, 
OTC 3579. 
Auberty, M.A., Icard, J-P. and Flewy, G.J., 1980. 
Development of a diver driven crawler trencher, 
pp. 19-26 in Offshore Technology Conference, 
1980, Vol. 1, OTC 3676. 
Palmer, H.D., Kadaster, O.I. and Koczan, J.A., 1979. 
Submersible and geophysical studies for a 
deepwater pipeline corridor. Grand Bahama Island, 
pp. 1393-1400 in Offshore Technology Conference, 
1979, Vol. II. 
Willatt, R.M. and Cameron, G., 1983. Seabed operations -
surface contact vehicles, in Subtech '83, Society 
of Underwater Technology, London. 
O ) Cable laying 
Lunda, H.R., Reinold, G.A. and Yeisley, P.A., 1981. 
bcarab (submersible craft assisting recovery 
and burial), pp. 397-405 in Offshore Technology 
Conference, 1981, Vol. 1, OTC 3995. 
Rockwell, P.K., Engel, J.H. and Piercy, W.B., 1980. 
Field tests of a deep ocean cable burial concept, 
pp. 381-388 in Offshore Technology Conference, 
1980, Vol. 1, OTC 3724. 
Iwamoto, Y., Shirasak, Y. and Asakawa, K., 1982. 
Fiber-optic-tethered unmanned submersible for 
searching submering cables, pp. 65-72, Oceans '82. 
DiTella, V., Minach, G. and Vielmo, P., 1981. TM402 -
a new operating cable and pipe burying system, 
pp. 283-300 in Offshore Technology Conference, 
1981, Vol. 1, OTC 3983. 
— 1 0 6 — 
Cameron, G. and Hay, J., 1979. Practical considerations 
and applications for wheeled seabed vehicles 
based on operational experiences of the world's 
first commercial seabed vehicle - Seabug 1, 
pp. 1929-1937 in Offshore Technology Conference 
1979, Vol. Ill, OTC 3578. 
Auberty, M.A., Icard, J-P. and Flewy, G.J., 1980. 
Development of a diver driven crawler trencher, 
pp. 19-26 in Offshore Technology Conference, 
1980, Vol. 1, OTC 3576. 
bcarfe, J.A., 1983. The British Telecom cut and hold 
grapnel for the recovery of submarine cables, 
in Subtech '83, Society of Underwater Technology, 
London. 
McBeth, J.B., 1974. The use of manned submersibles for 
the burial of submarine telecommunications cable, 
pp. 209-21 in Oceans '74, New York, IEEE. 
(4) Manganese nodules 
Kunta, G. The technical advantages of submersible motor 
pumps in deep sea technology and the delivery of 
manganese nodules, pp. 85-94 Offshore Technology 
Conference 1979, Vol. 1, OTC Paper 3367. 
Borcherding, K., Dobele, R., et al., 1977. Manganknollen-
Analysensystem- "Manka". Kernforschungszentrum 
Karlsruhe, Report KFK 2537. 
Littman, M.,. 1983. Economic development on land or at 
sea, paper presented to the Greenwich Forum, 1983. 
Sm'ale Adams, K.B. , 1983. Potential importance of the 
recovery of nickel and other metals from manganese 
nodules, Conference on mining and metallurgical 
operations in Zimbabwe. 
(_5) Mineral propsecting 
Fanger, H-U. and Pepelnik, R., 1974. Exploration of 
marine ore deposits utilizing spectroscopy of 
neotron-induced gamma radiation. Tire a part 
de la revue Industries Atomiques & Spatiales, 
No. 4, 1974. 
Fanger, H-U., Pepelnik, R. and Michaelis, W., 1977. 
Determination of conveyor-flow parameters by 
gamma-ray transmission analysis, 07/4306 
37/21 Meerestechnik, No. GKSS 77/E/19. 
107 -
Fanger, H-TJ. and Pepelnik, R. , 1979. Nuclear measuring 
techniques in the mining of ore sludge in the Red Sea, 
Sonderdruck aus Meerestechnik 10, Nr. 6, pp. 189-195. 
Welte, I.A., 1979. Nassbaggertechnik - neue Entwrcklungen 
und Anwendungen, Vortrag auf der Tagung des Instituts 
tur Maschinenwesen im Baubetrieb der Universitat 
Karlsruhe (TU), Juni 1979. 
(_6) Fishing 
O'Neill, J.E., 1972. Potential of large research 
submersibles in survey of fisheries resources 
and geological sea floor features, pp. 232-236 
in Oceanology International '72 conference 
papers, London: BPS Exhibitions Ltd. 
(_8) Inspection and Non-^Destructive Testing 
Heckman, P. and McCracken, H., 1979. An untethered 
unmanned submersible, pp. 733-737 in Oceans '79. 
Rygh, J.E. and Kristiansen, 1982. Experiences with 
the use of a ROV for cleaning and inspecting 
high stress areas of complex offshore structures, 
pp. 73-77, Oceans '82. 
Bournat, J.P. and Stankoft, A., 1979. Cathodic 
protection measurements and corrosion control 
of pipelines by underwater vehicles, pp. 2113-
2122 in Offshore Technology Conference 1979, 
Vol. III. 
% 
Watt, A.M. and Gay, L.O., 1980. Submersibles for 
comprehensive platform inspection, pp. 375-
379 in Offshore Technology Conference, 1980, 
Vol. 1, OTC 3723. 
Lebouteiller, D. and Durand, Y., 1980. Automatic 
pipeline design inspection system using an 
unmanned submersible and a DP surface support 
vessel, pp. 345-353 in Offshore Technology 
Conference, 1980, Vol. 1, OTC 3719. 
Bournat, J-P., Stainkoff, A. and Auboiroux, M., 1980. 
Inspection of concrete platforms: crack detection 
by current density measurements, pp. 247-254 in 
Offshore Technology Conference, 1980, Vol. II. 
— 1 0 8 — 
Crook, A. and Prior, I.D., 1983. The application of 
high pressure water jet cleaning by ROV, 
Subtech '83, Society of Underwater Technology, 
London. 
Collins, C.W. and Macleod, J.W., 1983, Application of 
magnetic particle inspection by underwater vehicle, 
Subtech '83, Society of Underwater Technology, 
London. 
Biddies, B.J., 1983. Field experience with a wide 
angle viewing system for remotely operated 
vehicles, Subtech '83, Society of Underwater 
Technology, London. 
(2) Salvage of ships and cargo 
Spink, P.G. and Cavey, R.R., 1981. A towed vehicle system 
tor object search and identification, pp. 1133-1138 in 
uceans '81 conference record. Vol. 2, New York: IEEE. 
(10) Salvage of crashed aircraft 
Eastbrook, N.B., Wernli, R.L. and Hoffman, R.T., 
1980. Recovery operations utilizing a remotely 
controlled vehicle/work system, pp. 287-296 in 
Oceans '80. 
Hampson, D.J. and Hawkes, G.S., 1980. Operations with 
tethered manned submersibles, pp. 9-17 in Offshore 
Technology Conference, 1980, Vol. 1. 
(12) Radioactive Waste disposal 
Palmer, H.D., 19//. The use of manned submersibles 
in the study of ocean waste disposal, pp. 317-
334 in submersibles and their use in oceanography 
and ocean engineering, R.A. Geyer (ed), Elsevier. 
(15) Submarine rescue 
Patterson, R.B. and Heerastra, F.W., 1975. A deep sea 
cable television system, pp. 888-894 in Oceans '75, 
New York, IEEE, 952 pp. 
- 109 
(16) Biological research 
Bright, T.J. and Rezak, R., 1977. Reconnaissance 
of reefs and fishing banks of the Texas 
continental shelf, pp. 113-150 in Submersibles 
and their use in oceanography and ocean 
engineering, R.A. Geyer (ed), Elsevier. 
Wilson, J.B., 1977. The role of manned submersibles 
in sedimentological and faunal investigations 
on the United Kingdom continental shelf, 
pp. 151-167 in Submersibles and their use 
in oceanography and ocean engineering, 
R.A. Geyer (ed), Elsevier. 
(17) Geological research 
Bright, T.J. and Rezak, R., 1977. Reconnaissance 
of reefs and fishing banks of the Texas 
continental shelf, pp. 113-150 in Submersibles 
and their use in oceanography and ocean 
engineering, R.A. Geyer (ed), Elsevier. 
Wilson, J.B., 1977. The role of manned submersibles 
in sedimentological and faunal investigations 
on the United Kingdom continental shelf, 
pp. 151-167 in Submersibles and their use 
In oceanography and ocean engineering, 
R.A. Geyer (ed), Elsevier. 
O'Neill, J.E., 1972. Potential of large research 
submersibles in survey of fisheries resources 
and geological sea floor features, pp. 232-236 
in Oceanology International '72 conference 
papers, London: BPS Exhibitions Ltd. 
Palmer, H.D., Kadaster, O.I. and Koczan, J.A., 1979. 
Submersible and geophysical studies for a 
deepwater pipeline corridor. Grand Bahama Island, 
pp. 1393-1400 in Offshore Technology Conference, 
1979, Vol. II. 
Sturm, R.G. and Kaarsberg, E.A., 1968. Exploratory 
submersible for the future ocean industry 3(8) 
50-55. 
Heezan, B.C., 1977. Submarine geology from submersibles, 
pp. 169-212 in Submersibles and their use in 
oceanography and ocean engineering, R.A. Geyer (ed) 
Elsevier. 
- 1 1 0 -
Keller, G.H., 1977. The submersible - a unique tool for 
marine geology, pp. 213-234 in Submersibles and 
their use in oceanography and ocean engineering, 
R.A. Geyer (ed), Elsevier. 
Ballard, R.D., Bryan, W.B., Heirtzlar, J.R., Keller, G., 
Moore, J.G. and Van Andel, T.H., 1975. Manned 
submersible observations in the FAl-lOIJS area: 
Mid-Atlantic Ridge Science 190, 103-108. 
Palmer, W.D., 1977. Submersibles: geological tools in 
the study of submarine canyons, pp. 279-295 in 
Submersibles and their use in oceanography and 
ocean engineering, R.A. Geyer (ed), Elsevier. 
Eden, R.A., McQuillin, R. and Ardus, D.A., 1977. 
UK experience of the uses of submersibles in the 
geological survey of continental shelves, 
pp. 235-278 in Submersibles and their use in 
oceanography and ocean engineering, R.A. Geyer (ed) 
Elsevier. 
Perlow, M. and Richards, A.P., 1972. In-place geotechnical 
measurements from submersible ALVIN in Gulf of Maine 
soils. Offshore Technology Conference, 1972, Vol. 1, 
333-340, OTC 1543. 
Williams, D.L., Green, K., Andel, T.H. van, Herzen, R.P. von, 
Dymond, J.R. and Crane, K., 1979. The hydrothermal 
mounds of the Galapagos Rift: Observations with 
DSRV Alvin and detailed heat flow studies, Journal 
of Geophysical Research 84, 7467-7484. 
Good, D.E., 1968. Deep submersible instrumentation for the 
measurement of physicl and chemical properties at the 
sea-floor interface. Marine Science Instrumentation, 
Vol. 4, 252-259. 
Phillips, J.D., 1972. Near bottom magnetics studies using 
a deep submersible, WHOI 72-90, pp. 21-26. 
Bowin, C.O., Luyendyk, B.P. and Aldrich, T.C., 1972. 
Near bottom gravity studies from a deep submersible, 
WHOI 72-90. pp. 27-30. 
(18) Physical oceanography and acoustics 
Good, D.E., 1968. Deep submersible instrumentation for the 
measurement of physicl and chemical properties at the 
sea—floor interface. Marine Science Instrumentation, 
Vol. 4, 252-259. 
I l l 
(20) Bottom landing static systems, autonomous "Moonlanders" 
Ackerman, R.E., Butler, C.N. and Weiss, R.F., 1978. 
A low power microprocessor system for deep-sea 
free vehicle applications, pp. 532-535 in Oceans '78. 
(21) Cable lowered bottom lander, static, cable controlled 
Marine experiments of a deep-sea testing system in water 
6000 m deep. Technical reports of Japan Marine 
Science and Technology Centre 2, 57-73. 
Patterson, R.B. and Heemstra, F.W., 1975. A deep sea 
cable television system, pp. 888-894 in Oceans '75, 
New York: IEEE, 952 pp. 
(22) ROV, umbilical control, free swimming, with or without garage 
Busby Associates Inc., 1981, Undersea Vehicles Directory. 
Frisbie, F.R., 1983. Development of a full function remote 
work system capable of 5000 meter operation, Subtech 
'83, Society of Underwater Technology, London. 
Peach, D. and Sear, J., 1983. The towed unmanned submersible 
for HMS Challenger, Subtech '83, Society of Underwater 
Technology, London. 
Talkington, H.R., 1978. Remotely manned undersea work 
systems at Naval Ocean Systems Centre (NOSC) 
NOSC Technical Report 237. 
Takagawa, S. and Hamoda, Y., 1981. Japanese 2000 m deep 
submergence research vehicle "Shinkai 2000" system, 
pp. 1155-1159 in Oceans '81 conference record Vol. 2, 
New York, IEEE. 
Dalchow, K.D., 1972. Propulsion and energy system for small 
unmanned diving vehicles and devices for deep sea work, 
pp. 247-251 in Oceanology International '72 conference 
papers, London: BPS Exhibitions Ltd. 
Meinke, J., 1980. Underwater manipulating vehicle 'ARCUS': 
Results of the German/Canadian requirements definition 
study for an unmanned submersible system, Meerestechnik 
11(1), 11-16. 
Trillo, R.L., 1979 (ed). Janes Ocean Technology, 4th 
edition, 1979-1980. 
1 1 2 -
Francis, S.H., 1976. Magnetic localization of AC-driven 
cable by the SCARAB submersible, pp. 24B-1 - 24B-7 
in Oceans '76, New York, IEEE. 
Dunbar, R.M., Holmes, R.T. and Russell, G.T., 1981. 
Research into unmanned remote-controlled 
submersibles: tethered and untethered vehicles, 
pp. 81-88 in Electronics for ocean technology, 
London: lERE. 
Dunbar, R.M. and Holmes, R.T., 1978. Advances in remotely-
controlled submersible research, pp. 13-22 in 
Oceanology International '78, Technical Session K. 
Vadus, J.R. and Busby, R.F., 1979. Remotely operated 
vehicles - an overview, pp. 120-129 in Marine 
Technology Ocean Energy, Washington: MTS. 
Fugitt, R. Bruce, 1975. Design and operation of two 
remotely manned undersea vehicles, pp. 870-876 in 
Oceans '75, New York, IEEE, 952 pp. 
Homer, A., 1983. Development and design philosophy of 
the Seapup ROVs, International Underwater Systems 
Design 5(4) June/July. 
Ametak's answer to industry demands for Scorpio's bigger 
sister, Noroil 11(6) 55, June 1983. 
SOLO: A new generation ROV, International Underwater 
Systems Design 5(3), 10-12, 1983. 
(23) Bottom tracked mobile vehicles,• RUM, trenching, pipe-layers 
Silyestri, A. and Oliveri, V., 1981. Manned submarines 
and remotely operated equipment as construction tools 
tor advanced offshore projects, pp. 505-514 in 
Offshore Technology Conference, 1981, Vol. IV, 
OTC 4167. 
Rushfeldt, P.D., 1981. Control system for an intelligent 
underwater trencher, pp. 311-318 in Offshore 
Technology Conference, 1981, Vol. 1, OTC 3985. 
Willatt, R.M. and Cameron, G., 1983. Seabed operations -
Surface contact vehicles, Seatech '83, Society of 
Underwater Technology, London. 
Turnage, G.W., Seabergh, W.C. and Herrmann, H.G., 1979. 
Trafficability and stability analysis for bottom-
crawling work vehicles in the nearshore region, 
pp. 1913 et seq. in Offshore Technology Conference, 
1979, Vol. Ill, OTC 3577. 
113 -
Harmann, H.G., 1978. Trafficability and performance 
analyses for a deep running, gear module for an 
undersea vehicle, pp. 723-727 Ocenas '78. 
Cobb, G.S., 1976. Sea Plow IV - an underseas vehicle 
for burying ocean cable, pp. 19B-1 - 19B;6 in 
Oceans '76, New York: IEEE. 
Banzoli, V. and Rodighiero, A., 1976. The unmanned 
underwater working vehicle TM-102, pp. 691-701 
in Interocean '76, Bdl, Dusseldorf: Dusseldorfer 
Messegesellschaft mbH. 
Reibrutz, G. von, 1972. Cable controlled sea bottom 
measuring vehicle, pp. 274-277 in Oceanology 
International '72 conference papers, London: 
BPS Exhibitions Ltd. 
Trillo, R.L., 1979 (ed). Janes Ocean Technology, 
4th Edition, 1979;1980. 
Busby Associates Inc., 1981, Undersea Vehicles Directory. 
Lebouteiller, D. and Durand, Y., 1980. Automatic 
pipeline design inspection system using an 
unmanned submersible and a DP surface support 
vessel, pp. 345-353 in Offshore Technology 
Conference, 1980, Vol. 1, OTC 3719. 
Rockwell, P.K., Engel, J.H. and Piercy, W.B., 1980. 
Field tests of a deep ocean cable burial concept, 
pp. 381-388 in Offshore Technology Conference, 
1980, Vol. 1, OTC 3724. 
Cameron, G. and Hay, J., 1979. Practical considerations 
and applications for wheeled seabed vehicles 
based on operational experiences of the worlds 
first commercial seabed vehicle - Seabug 1, 
pp. 1929-1937 in Offshore Technology Conference 
1979, Vol. Ill, OTC 3578. 
Auberty, M.A., Icard, J-P. and Flewy, G.J., 1980. 
Development of a diver driven crawler trencher, 
pp. 19-26 in Offshore Technology Conference, 
1980, Vol. 1, OTC 3676. 
Biberg, 0. and Aril, B., 1979. A new trenching system 
tor deep water pipelines, pp. 1939-1952 in 
Offshore Technology Conference, 1979, Vol. Ill, 
OTC 3579. 
Osterhang, J.E. and Swanson, T.L., 1980. New requirements 
in deep-working submersibles, pp. 27-32 in Offshore 
Technology Conference 1980, Vol. 1, OTC 3677. 
114 
(24) Free-swimming, remote controlled, cable-less vehicles 
Carmichael, A.D. and Jansson, D.G., 1981, Robot II, 
a small unmanned, untethered underwater vehicle, 
pp. 109-112 in Oceans '81 conference record. 
Vol. 1, New York: IEEE. 
Dunbar, R.M., Roberts, S.J. and Wells, S.C., 1981. 
Communications, bandwidth reduction and system 
studies for a tetherless unmanned submersible, 
pp. 127-131 in Oceans '81 conference record, 
Vol. 1, New York, IEEE. 
Alars, P.B. and Johnson, H.A., 1980. NRL unmanned 
free-swimming submersible (UFSS), Naval Research 
Lab., Washington DC. 
Girard, D., 1983. 'Epaulard', a deep ocean exploration 
vessel. Sea Technology, Feb. 1983, pp. 30-33. 
Rowinski, L., 1978. Plastic craft for underwater 
observations, Polish Technical Review, No. 12, 
16-18. 
Tucker, J.S., 1979. Glass reinforced plastic submersibles, 
Trans. North East Coast Inst, of Engineers and 
Shipbuilders, Vol. 95, No. 2, 49-56. 
Dunbar, R.M., Holmes, R.T. and Russell, G.T., 1981. 
Research into unmanned remote-controlled 
submersibles: tethered and untethered vehicles, 
pp. 81-88 in Electronics for ocean technology, 
London: lERE. 
Duranton, R., Michel, J-L and Grandvaux, B., 1980. Epaulard -
an unmanned, untethered vehicle for deep ocean survey, 
pp. 41-48 in Offshore Technology Conference 1980, Vol. 1, 
^ OTC 3680. 
Yoerger, D.R. and Sheridan, T.B., 1981. Development of 
a supervisory manipulation system for a free-
swimming submersible, pp. 1170-1174 in Oceans '81 
Conference record Vol. 2, New York: IEEE. 
Russell, G.T., Lane, D.M. and Wells, S.C. , 1983. 
Autonomous submersible systems, Subtech '83, Society 
of Underwater Technology, London. 
Shirley, D.E., 1981. Microcomputer software for the 
unmanned free swimming submersible, pp 132-136 
in Oceans '81 conference record. Vol. 1, New York, 
IEEE. 
- 115 
Alars, P.B., 1981. Tradeoff studies for the unmanned free 
swimming submersible (UFSS) vehicle, pp. 113-117 in 
Oceans '81 conference report, Vol. 1, New York: IEEE. 
Nodland, W.E., Ewart, T.E., Bandiner, W.P., Miller, J.B. 
and Aagaard, E.E. , 1981. Spurv II - an unmanned, 
free-swimming submersible developed for oceanographic 
research, pp. 92-98 in Oceans '81 conference record, 
Vol. 1, New York, IEEE. 
Takeuchi, T, 1978. Performance prediction of parametric 
array doppler sonar system for unmanned free swimming 
submersibles, pp. Fl-35 - Fl-41 in 5th International 
Ocean Development Conference: Preprints, Vol. II. 
Johnson, H.A., 1980. Design features and test results 
of an unmanned free-swimming submersible, pp. 304-
309 in Oceans '80. 
Vadus, J.R. and Busby, R.F., 1979. Remotely operated 
vehicles - an overview, pp. 120-129 in Marine 
Technology Ocean Energy, Washington: MTS. 
Michel, J.L. and La Roux, H., 1981. Epaulard: deep 
bottom surveys now with acoustic remote controlled 
vehicle, first operational experience, pp. 99-103 
in Oceans '81 conference record. Vol. 1, New York: 
IEEE. 
Heckman, P. and McCracken, H., 1979. An untethered 
unmanned submersible, pp. 733-737 in Oceans '79. 
(25) Towed, .unmanned systems 
Fagot, M.G., Moss, G.J., Milburn, D.A. and Gholson, N.H. , 
1981. Deep-towed seismic system design for 
operation at depths up to 6000 m, pp. 141-154 in 
Offshore Technology Conferenc, 1981, Vol. Ill, 
OTC Paper 4082. 
Phillips, J.Do, Driscoll, A.H., Peal, KiR., Harquat, W.M. 
and Owen, D.M., 1979. A new undersea geological 
survey tool: ANGUS, Deep Sea Research, 26A 211-225. 
Spink, P.G. and Cavey, R.R., 1981. A towed vehicle system 
tor object search and identification, pp. 1133-1138 
In Oceans '81 conference record, Vol. 2, New York, IEEE. 
116 -
Dalchow; K.D., 1972. Propulsion and energy system for small 
unmanned diving vehicles and devices for deep sea work, 
pp. 247-251 in Oceanology International '72 conference 
papers, London: BPS Exhibitions Ltd. 
Westinghouse delivers new Navy search system, 1982. 
Sea Technology, 23(2) 42-43. 
Buchanan, C.L., 1972. Benthic inspection using ship towed 
sensor vehicles, pp. 227-231 in Oceanology International 
'72 conference papers, London: BPS Exhibitions Ltd. 
Busby Associates Inc., 1981. Undersea Vehicles Directory. 
Trillo, R.Lo 1979 (ed). Janes Ocean Technology, 4th edition, 
1979-1980. 
Schweitzer, M. and Wyman, P., 1982. Towed unmanned 
submersible (TUMS) system, pp. 61-64 in Oceans '82, 
New York: IEEE. 
(26) Manned free-swimming submersible 
Busby, R.F. Associates, 1976. Review of manned submersible 
design, operations, safety and instrumentation, 
R.F. Busby Associates, Arlington, Va., Report No. 
OCEANAV-(041-6), 277 pp. 
Busby Associates Inc., 1981, Undersea Vehicles Directory. 
Busby, R.F., 1976. Manned submersibles, Office of the 
Oceanographer of the Navy, 764 pp. 
Santi, G.G., 1980. The "PH-PHOENIX" project - a multipurpose 
submersible. Sub Sea Oil Services S.p.A., Milan, Italy. 
Horlick, T., 1982. Submarine propulsion in the Royal Navy. 
The Inst, of Mech. Engrs., 54th Thomas Lowe Gray 
Lecture, Proceedings 1982, Vol. 196, No. 7. 
Conventional RN submarines, Shipbuilding and Marine 
Engineering International, Vol. 100, No. 1214, 
Dec. 1977. 
Kuroda, S. and Takasugi, N., 1982. On the Kawasaki 
submersible work vehicle 'Hakuyo', pp. 237-242 in 
Oceanology International '72 conference papers, 
London: BPS Exhibitions Ltd. 
Feldman, S., 1969. The U.S. Navy deep submergence vehicles, 
Oceanology International '69, Day 4 Technical Session I. 
— 117 — 
Newman, J.P. and Miller, H.A., 1975. Electrical design 
considerations in modern commercial subciersibles, 
pp. 877-881 in Ocean '75, New York: IEEE, 952 pp. 
McBeth, J.B., 1974. The use of manned submersibles for 
the burial of submarine telecommunications cable, 
pp. 209-21 in Oceans '74, New York, IEEE. 
McBeth, J.B., 1976. Reliability and safety considerations 
in the design of the submersible Leo I, pp. 19A-1 -
19A-7 in Oceans '76, New York: IEEE. 
Endo, M. 2000 m deep submergence research vehicle, pp. 41-49 
in Oceans '82, New York: IEEE. 
Laxo, D., 1980. Navy's Sea Cliff to be modified for 
operation at 6100 meters. Sea Technology 21(9) 
29-31. 
Sebok, K.F., 1978. Design, fabrication and operation 
of a 3000 FSW submersible work system, pp. 1261-1268 
in Offshore Technology Conference 1978, Vol. II, 
OTC Paper 3197. 
Rowland, J.H. and Shotts, W.E., 1976. Sea Cliff/Turtle 
come of age, pp. 19E-1 - 19E-6 in Oceans '76, 
New York: IEEE. 
Craven, J., 1977. Submarine Craft, pp. 262-281 in: 
The Undersea, N.C. Flemming (ed), Cassell and Co., 
London, 319 pp. 
(27) Towed or suspended manned system 
Busby Associates Inc., 1981. Undersea Vehicles Directory. 
Hampson, D.J. and Hawkes, G.S., 1980. Operations 
with tethered manned submersibles, pp. 9-17 in 
Offshore Technology Conference, 1980, Vol. 1. 
(28) Power storage, supply, conversion 
DeVries, G. and Kang, H.E., 1969. Eutectic molten salt thermal 
storage system, Journal of Hydronautics 3(4) 191-195. 
Donaldson, G.B., 1968. Power generation for advanced 
submersibles. Undersea Technology 9(12) 32-33 & 39. 
Goodfellow, R., 1977. Underwater Engineering, Oklahoma: 
Petroleum Publishing Co. 155 pp. (chapter 5 pp. 87-102). 
— 1 1 8 — 
McCartney, J.F. and Lund, T.J., 1979. Application of 
lithium thionyl chloride batteries to marine 
requirements, pp. 177-185 in Oceans '79, 
New York, IEEE. 
Dalchow, K.D.., 1972. Propulsion and energy system for small 
unmanned diving vehicles and devices for deep sea work, 
pp. 247-251 in Oceanology International '72 conference 
papers, London; BPS Exhibitions Ltd. 
Haugh, K.R., 1973. Submersible propulsion systems, 
Underwater Journal & Information Bulletin 5(2) 53-61. 
MacNair, E., 1976. Non-nuclear power plants for underwater 
propulsion. Journal for the Society for Underwater 
Technology 2(1) 7-11 and 2(2) 8-12. 
Work, G.W. and Karpurski, P.A., 1979. Energy systems for 
underwater power, pp. 352-356 in Marine Technology 
Ocean Energy, Washington: MTS. 
Kawahara, T., Suzuki, T. and Kurokawa, T., 1982. Silver-
zinc battery power system for 2000 m submergence 
research vehicle "Shinkai 2000", pp. 50-56 in 
Oceans '82, New York, IEEE. 
Funao, Y., Nakamura, R., Kawai, I. and Hosoi, S., 1972. 
Oil filled silver-zinc secondary battery for deep 
submergible, pp. 853-869 in 2nd International Ocean 
Development Conference: Preprints, Vol. 1, Tokyo: 
Secretariat, International Ocean Development 
Conference and Exhibition. 
Anderson, A.G., 1970. Fuel power cells for submersibles, 
Ocean Industry 5(3) 44-45. 
Newman, J.P. and Miller, H.A., 1975. Electrical design 
considerations in modern commercial submersibles, 
pp. 877-881 in Ocean '75, New York: IEEE, 952 pp. 
Endo, M. 2000 m deep submergence research vehicle, pp. 41-49 
in Oceans '82, New York: IEEE. 
Liquid oxygen - efficient answer to subsea power generation, 
Noroil 11(6) 81 (June 1983). 
Birt, D., Feltham, C., Hazzard, G. and Pearce, L. , 1978. 
The electrochemical characteristics of iron sulphide 
in imobilized salt electrolytes, 11th International 
Power Sources Symposium, 1978, pp. 1-9. 
Urbach, H.B., Knauss, D.T. and Quandt, E.R., 1981. 
Advanced concepts in chemical propulsion systems 
for a 500-ton submersible, pp. 63-75 in Naval 
Engineers Journal, February 1981. 
- 119 -
Fowler, A., 1983. Underwater power systems in Subtech '83 
Society of Underwater Technology, London. 
(29) Prime mover and propulsion system 
Rathsam, A.D., 1974. Semiclosed cycle internal combustion engine 
utilizing cryogenic exhaust solidification for undersea 
applications. Journal of Engineering for Industry 96(3), 
pp. 1089-1096. 
Vickers Piranha submarine propulsion system offers maximum 
versatility. Shipbuilding and Marine Engineering 
International, Vol. 101, No. 1217, Apr. 1978. 
Asada, T. and Nagai, M., 1980. Investigations on recycle and 
closed-cycle diesel engines. Society of Automotive 
Engineers Inc. No. 800964. 
Puttick, J.R., 1971. Recycle diesel underwater power plants. 
Society of Automotic Engineers Inc. No. 710827. 
Santi, G.G., 1980. The "PH-PHOENIX" project - a multipurpose 
submersible. Sub Sea Oil Services S.p.A, Milan, Italy. 
Dalchow, K.D., 1972. Propulsion and energy system for small 
unmanned diving vehicles and devices for deep sea work, 
pp. 247-251 in Oceanology International '72 conference 
papers, London: BPS Exhibitions Ltd. 
Haugh, K.R., 1973. Submersible propulsion systems. 
Underwater Journal & Information Bulletin 5(2) 53-61. 
MacNair, E., 1976. Non-nuclear power plants for underwater 
propulsion. Journal for the Society for Underwater 
Technology 2(1) 7-11 and 2(2) 8-12. 
Endo, M. 2000 m deep submergence research vehicle, pp. 41-49 
in Oceans '82, New York: IEEE. 
Tako, S.L., 1982. Brushless D.C. motors Improving underwater 
propulsion. Sea Technology, 23(4) 31-35. 
Gohring, H.O., 1976. The submersible motor and its 
application in ocean engineering, pp. 721-733 in 
Interocean '76 Bd 1, Dusseldorf: Dusseldorfer 
Messegesellschaft mbH. 
Ogawa, H, Kitano, S and Takahashi, M, 1972. Commutatorless 
propulsion motor for deep sea submersible research 
vessel, pp. 829-842 in 2nd International Ocean 
Development Conference: Reprints, Vol. 1 Tokyo, 
Secretariat, International Ocean Development 
Conference and Exhibition. 
- 1 2 0 -
Giannini, G.M. and McCartney, J.F. Developments in 
underwater electric propulsion motors, pp. 172-176 
in Oceans '79, New York, IEEE. 
Haselton, F.R., 1969. Tandem propeller in review. 
Journal of Hydronautics 3(4) 161-167. 
Santi, G., 1983. A new submarine with closed circuit 
diesel engine. International underwater systems 
design 5(1) 28-29. 
Urbach, H.B., Knauss, D.T. and Quandt, E.R., 1981. 
Advanced concepts in chemical propulsion systems 
for a 500-ton submersible, pp. 63-75 in Naval 
Engineers Journal, February 1981. 
Nilsson, H., 1983. Air independent deep water energy supply 
systems based on Stirling engines, The Worldwide Subsea 
Challenge Conference, Amsterdam. 
Thompson, R.V. and Fowler, A., 1981. Development of a depth 
independent closed cycle diesel engine, OTC Proceedings, 
Vol. 1. 
Thompson, R.V., Hargreaves, M.R.O. and Fowler, A., 1980. The 
development of a microprocessor controlled depth 
independent power generation system. Underwater Technology, 
Ed. L. Atteraas et. al., Pergamon Press Oxford and New York. 
Phillips, T.W., 1969. Closed cycle gas turbine as a proposed 
undersea power source. Journal of Hydronautics 3(4) 
184-190. 
Liquid oxygen - efficient answer to subsea power generation, 
Noroil 11(6) SI (June 1983). 
Fowler A., 1983. Underwater power systems in Subtech '83, 
Society of Underwater Technology, London. 
Fowler, A., Diesel power beneath the sea, Meerestechnik 
13(3) 71-72. 
(30) Umbilical design 
Sastry, H.R.S., 1981. Underwater electromechanical cables 
and connectors - new strides in technology in 1st 
Indian Conf. in Ocean Engrg. l.I.T. Madras, Vol. 1, 
Inst, of Technolo, Madras. 
Bell, I. , 1982. A modular data transmission and umbilical 
system. Journal of the Society for Underwater Technology. 
8(2) 16-19. 
- 1 2 1 -
Dunbar, R.M. and Holmes, R.T., 1980. Optical fibres in 
underwater applications, pp. 9-12 in Oceanology 
International '80, Technical Session J. 
Nakagawa, A.T. and Smith, D.C., 1980. A report on two 
fiber-optic-tethered underwater vehicles, pp. 448-452 
in Oceans '80. 
Wilkins, G.A., Hightower, J.D. and Rosencrantz, D.M., 1975. 
Lightweight cables for deep tethered vehicles, 
pp. 138-147 in Oceans '75, New York, IEEE, 952 pp. 
Osterhang, J.E. and Swanson, T.L., 1980. New requirements 
in deep-working submersibles, pp. 27-32 in Offshore 
Technology Conference 1980, Vol. 1, OTC 3577. 
Bursaux, A.G. and Flewy, G.J., 1980. Assistance up to 
3300 feet depths, pp. 365-373 in Offshore Technology 
Conference 1980, Vol. 1, OTC 3721. 
Dunbar, R.M. and Holmes, R.T., 1978. Advances in remotely-
controlled submersible research, pp. 13-22 in 
Oceanology International '78,.Technical Session K. 
Fugitt, R. Bruce, 1975. Design and operation of two 
remotely manned undersea vehicles, pp. 870-876 in 
Oceans '75, New York, IEEE, 952 pp. 
Vulih, S. and Clayton, D.L., 1980. Communications for a 
tethered underwater submersible, pp. 310-315 in 
Oceans '80. 
(31) Manipulator, robotic tools 
Wernli, R.L., 1980. Designing for remote work in the 
deep ocean. Mechanical Engineering, February 
1980, pp. 27-33. 
The MIT/Marine Industry Collegium, 1981. Progress in 
underwater telemanipulator research. Opportunity 
Brief No. 23, Report No. 81-4. 
Jackson, E. and McFarlane, J.R., 1980. Manipulator 
subsystems for submersibles. Underwater Systems 
Design, Vol. 2(4), pp. 12-13. 
Cocking, S.J. and Drew, D.J.M., 1982, Performance testing 
of underwater manipulators, AERE Harwell Report 
T81-2428. 
Grey, W.E. and Fika, J.W., 1979. Operational experiences 
with remote manipulator systems, pp. 1953-1966 in 
Offshore Technology Conference, 1979, Vol. III. 
- 1 2 2 -
Larson, C., Doyle, R. and Estabrook, 1978. Use of 
manipulators in underwater work. pp. 2417-2424 
In Offshore Technology Conference 1978, Vol. IV, 
OTC 3330. 
Eppig, S.H., 1981. Vehicle manoeuverability augments 
remote controlled manipulator task capability, 
pp. 1143-1149 in Oceans '81 conference record. 
Vol. 2, New York: IEEE. 
Wernli, R.L., 1979. The work systems package - remote 
work experience, pp 743-751 in Oceans '79, 
New York; IEEE. 
Bertsche, W.R., Logan, K.P., Pesch, A.J. & Wingat, C.L. , 
1977. Operator performance in -undersea manipulator 
systems: studies of control performance with visual 
force feedback, WHOI Technical Report 77-6. 
Thurley, L.S. and Hoblobone, T.A., 1981. Handbook of 
Underwater Tools, Underwater Engineering Group 
Report UR18, London: UEG. 
Collins, C.L., 1981. ARMS: A proven, remotely operated 
manipulator system ready now to support offshore 
drilling in depths to 13,000 ft. pp. 1165-1167 in 
Oceans '81 conference record, vol. 2, New York, 
IEEE. 
Talkington, H.R., 1978. Remotely manned undersea work 
systems at Naval Ocean Systems Centre (NOSC) 
NOSC Technical Report 237. 
Yoerger, D.R. and Sheridan, T.B., 1981. Development of 
a supervisory manipulation system for a free-
swimming submersible, pp. 1170-1174 in Oceans '81 
Conference record Vol. 2, New York: IEEE. 
Hackman, D.J. and Caudy, D.W., 1981. Underwater Tools. 
Ohio: Battella Press, 152 pp. 
(32) Video-systems and video-transmission 
Berry, H.W., 1979. An underwater three-dimensional 
television system, pp. 893-900 in Offshore 
Technology Conferenc, Vol. 2, 1979. 
Wood, K., 1978. A method of adding real time TV to an 
existing multiplex system operating on a lossy 
tow cable, pp. 1615-1622 in Offshore Technology 
Conference 1978, Vol. Ill, OTC paper 3238. 
123 
Cowan, S.J., 1979. Fiber optic video transmission 
system employing pulse frequency modulation, 
pp. 253-259 in Oceans '79, New York, IEEE. 
Fugitt, R.B. and Acks, R.S., 1978. Undersea stereoscopic 
television, pp. 322-326 in Oceans '78. 
Milne, P.H., 1979. CCTV system for underwater Inspection 
and surveying. Journal of the Society for Underwater 
Technology 5(4) 17-20. 
Westwood, J.D., 1981. The application of television to 
remotely operated underwater vehicles. Journal of 
Physics E Scientific Instruments 14(2) 137-144. 
Dunbar, R.M. and Holmes, R.T., 1980. Optical fibres in 
underwater applications, pp. 9-12 in Oceanology 
International '80, Technical session J. 
Patterson, R.B. and Heemstra, F.W., 1975. • A deep sea 
cable television system, pp. 888-894 in Oceans '75, 
New York, IEEE, 952 pp. 
Westinghouse delivers new Navy search system, 1982. 
Sea Technology, 23(2) 42-43. 
Biddies, B.J.. 1983. Improved television displays for 
ROVs. International Underwater Systems Design 
5(2) 15-16, 18, 20, 34, 35. 
Wernli, R.L., 1980. Designing for remote work in the deep 
ocean. Mechanical Engineering, February 1980, pp. 27-33. 
(33) Navigation, position fixing, track recording 
McCartney, B.S., 1981. Underwater acoustic positioning 
systems: state of the art and applications in deep 
water in International Hydrographic Review, Monaco, 
LVIII (1). 
Marconi Avionics, 1979. Final report on a study of undersea 
navigation requirements for unmanned submersibles, 
Report No. T81-2422. 
Phillips, J.D., Driscoll, A.H., Peal, K.R., Harquat, W.M. 
and Owen, D.M., 1979. A new undersea geological 
survey tool: ANGUS, Deep Sea Research, 26A 211-225. 
Takeuchi, T, 1978. Performance prediction of parametric 
array doppler sonar system for unmanned free swimming 
submersibles, pp. Fl-35 - Fl-41 in 5th International 
Ocean Development Conference: Preprints, Vol. II. 
— 124 — 
Inertial Navigation of RCVs, 1980. Offshore Research Focus 
22, 12. 
Abbott, R.C., 1978. Submersible acoustic navigation for 
precise underwater surveys, pp. 462-465 in Oceans '75. 
Mudie, J.D. and Kastens, K.A., 1980. Computer aided piloting 
of a deeply towed vehicle. Ocean Engineering 7, 743-754. 
Christensen, J.L., 1979. LBL-NAV - An acoustic transponder 
navigation system, pp. 507-512 in Oceans '79. 
Jarry, J.J. and Farcy, A.J., 1975. Navigation system used 
by submersibles in Famous Project, pp. 882-886 in 
Oceans '75, New York, IEEE, 952 pp. 
Farcy, A. and Leroy, C., 1979. Two operational systems 
of underwater localization, pp. 360-365 in Marine 
Technology Ocean Energy, Washington: MTS. 
Partridge, C.J., 1980. Development and application 
of a microprocessor based "intelligent" transponder, 
pp. 79-86 in Microprocessor applications in 
underwater technology. Society for Underwater 
Technology, London (UK). 
Morley, R.A., 1979. RCVs as precision tools. Journal of 
Society for Underwater Technology, Vol. 5, 1979, 
pp. 9-13. 
Lowenstein, C.D. and Mudie, J.D., 1967. On the optimisation 
ot transponder spacing for- range-range navigation. 
Journal of Ocean Technology, Vol. 1, No. 2, pp. 29-31. 
(34) Buoyancy control and payload carrying ability 
Richards, R.J. and Stoten, D.P., 1981. Depth control of 
a submersible vehicle. Int. Shipbuilding Prog., 
28(318). 
Mast, P.W., Beaubien, L.A. and Mulville, D.R., 1969. 
Optimum packing of hollow spheres in buoyancy 
materials. Naval Research Lab, Washington D.C., 
Rept. No. NRL-6904, 21pp. 
Richards, R.J. and Stoten, D.P., 1981. Depth control 
of a submersible vehicle, Mgmt. Sys. Div., 
Univ. Eng. Dept., Mill Lane, Cambridge, UK, 
Int. Shipbuild. Prog., Vol. 28, No. 318, pp. 30-39. 
Sage, G., 1974. A low-density active flotation device 
for deep-submergence vehicles, pp. 763-773 in 
Marine Technology Society, National needs and 
ocean solutions, Washington: MTS. 
- 125 
Takehana, M., Yokota, K., Sekigawa, M., Ishikawa, T. 
and Hosoi, S., 1972. Buoyancy material for deep 
submergence survey vessels, pp. 972-986 in 
2nd International Ocean Development Conference 
Preprints, Vol. 1, Tokyo: Secretariat, International 
Ocean Development Conference and Exhibition. 
Rosen berg, M.A., 1970. Buoyancy materials for deep 
submergence applications, Oceanology International 
5(3) 30-32. 
Laxo, D., 1980. Navy's Sea Cliff to be modified for 
operation at 6100 meters. Sea Technology 21(9) 29-31 
Endo, M. 2000 m deep submergence research vehicle, 
pp. 41-49 in Oceans '82, New York: IEEE. 
(35) Pressure vessel construction and testing, and hull 
Penetrators 
Stachiw, J.D., 1977. Spherical sector windows with 
restrained edge for undersea applications. 
Ocean Technol. Dept., Naval Undersea Center, 
San Diego, Ca, USA, Trans. ASME, Ser. B (USA), 
Vol. 99, No. 2, 459-68. 
Stachiw, J.D., 1977. Acrylic plastic viewpoint for 
ocean engineering applications. Vol. I. Naval 
Undersea Center San Diego, CA. (390458). 
Research Rept., No. NUC-TP-562-Vol-l, 459 pp. 
Stachiw, J.D., 1977. Acrylic plastic viewpoints for 
ocean engineering applications,. Vol. II. Naval 
Undersea Center San Diego, CA. Research Rept. 
No. NUC-TP-562-Vol-2, 441 pp. 
Pappas, M. , 1976. Improved synthesis for 'T' ring-
stiffened cylindrical shells under hydrostatic 
pressure. Dept. of Mech. Engng., Newark Coll. 
of Engng., New Jersey Inst, of Technol., Newark, 
NJ, USA, Comput. and Struct. (GB) Vol. 6, No. 4-5 
339-43. 
Pappas, M., 1974. Extended capability for automated 
design of frame-stiffened, submersible cylindrical 
shells. Newark Coll. Engng., NJ, USA. Comput. and 
Struct. (GB) Vol. 4, No. 5, 1025-59. 
Pappas, M. and Allentuch, A., 1972. Structural synthesis 
of frame reinforced submersible, circular, cylindrical 
hulls. Newark Coll. of Engineering N.J., Dept. of 
Mechanical Engineering (405514), Rept. No. NCE-NV-5, 
May 72, 91 pp. 
- 1 2 6 
Reinhart, P.M., 1959. Corrosion of DSRV materials in sea 
water - six months exposure. Naval Civil Engineering 
Lab., Port Hueneme, Calif (248 150). Technical note. 
Kept. No. NCEL-TN-1037, Jul 69, 31 pp. 
Anon., 1964. Study of advanced materials and designs for deep 
submersible hulls. Lockheed Missiles and Space Co., Palo 
Alto, Calif (210110). Kept, No. LMSC-A034248, May 64, 44 pp. 
Goeller, J.E. , 1968. Weight comparison of hull structural 
configurations for massive glass deep submersibles. 
Naval Ordnance Lab, White Oak, Md (250650). Rept. 
No. N0LTR-69-S, Dec. 68, 38 pp. 
Tucker, J.S., 1978. Glass reinforced plastic submersibles, 
In Transactions of the North East Coast Institute of 
Engineers and Shipbuilders, Vol. 95, No. 2, 49-56. 
Endo, M. 2000 m deep submergence research vehicle, pp. 41-49 
in Oceans '82, New York; IEEE. 
Eliot, F., 1967. The design and construction of the 
Deepstar 2000. The New Thrust Forward 3rd MTS 
conference, 1967, pp. 479-492. 
Sebok, K.F., 1978. Design, fabrication and operation 
of a 3000 FSW submersible work system, pp. 1261-1268 
in Offshore Technology Conference 1978, Vol. II, 
OTC Paper 3197. 
Bursaux, A.G.and Flewy, G.J., 1980. Assistance up to 
3300 feet depths, pp. 365-373 in Offshore Technology 
Conference 1980, Vol. 1, OTC 3721. 
Techniques employed in DSRV hull construction. 
Ocean Industry 2(10) 39-41. 
Renton, J.D., 1980. On the buckling of rings and long 
tubes of finite thickness under lateral pressure. 
Journal of Mechanics and Applied Mathematics, 
Vol. 33, Part 4, 1980, pp. 435-446. 
Phan, A. and Cabanel, D., 1982. Filament wound hulls and 
casings for underwater equipment. Proceedings of 
Conference Penetration Sous-Marine, Paris, December 1982. 
DeHart, R.C., 1969. External pressure structures in Handbook 
of Ocean and Underwater Engineering, McGraw-Hill, 
London. 
Timoshenko, S.P. and Gere, J.M., 1961. Theory of elastic 
stability, McGraw-Hill Co., London. 
Dexter, S.C., 1979. Handbook of oceanographic materials. 
John Wiley and Sons, New York. 
- 127 -
Kuhn, J.E. and Huang, N-C., 1973, Optimal design of 
submerged elastic cylindrical shells, University 
of Notre Dame, Technical Report UND-73-8 for Office 
of Naval Research, 
Nishida, K., 1967. Collapse strength of HY-130/150 steel 
spheres. Naval Ship Research and Development Center, 
Report No. 2533, 
(36) Data telemetry 
McCord, M., 1975, A multiplex system for small 
remotely manned submersibles, pp. 361-364 
in Ocean '75, New York: IEEE, 952 pp. 
Morgera, S,D,, 1978, Small submersible acoustic 
communications systems design, pp. 66-71 
in Oceans '78, New York: IEEE. 
Cram, R., 1979. Information exchange in tethered 
vehicle systems, pp. 758-763 in Oceans '79. 
Tanaka, G.A. & Nakagawa, A.T., 1980. Fiber optic 
digital telemetry for deep sea submersibles. 
pp. 453-456 in Oceans '80. 
Duranton, R., Michel, J-L. & Grandvaux, B., 1980. 
Epaulard - an unmanned, untethered vehicle for 
deep ocean survey, pp. 41-48 in Offshore 
Technology Conference 1980, Vol. 1, OTC 3680. 
Dunbar, R.M. & Holmes, R.T,, 1980, Optical fibres 
in underwater applications, pp, 9-12 in 
Oceanology International '80, Technical Session J, 
Grant, D.A,W,, 1983, Video and telemetry multiplex system 
using an 8 kilometre co-axial cable, in Subtech '83, 
Society of Underwater Technology, London. 
Talkington, H.R., 1983, Fibre optic data links in vehicle 
tethers - an update, in Subtech '83, Society of 
Underwater Technology, London, 
Ryerson, D,E,, 1980, A high data rate underwater acoustic 
telemetry system, in Oceans '80, IEEE, pp. 259-262, 
(37) Human control, sensory data, feedback, piloting, data display 
Abbott, R,C., 1978. Submersible acoustic navigation for 
precise underwater surveys, pp. 462-465 in Oceans '78. 
Blair, W.C., 1969. Human factors in deep submergence vehicles. 
Marine Technology Society Journal 3(5) 37-46. 
128 -
Stone, R.J., Day, P.O. and Kelly, C., 1983. Human factors 
and the design of remotely operated submersible systems 
(ROVs), International Underwater Systems Design 5(1) 
16, 17, 19, 22. 
Design and operational performance of manned submersibles, 
1968. Naval Oceanographic Office, IR 68-62. 
Bro\m, G., 1983. Computer processing systems for underwater 
TV pictures, Subtech '83, Society of Underwater 
Technology, London. 
Klevebrant, H. and Svensson, S., 1983. Stereo TV for 
underwater work and inspection, Subtech '83, Society 
of Underwater Technology, London. 
Russell, G.T., Lane, D.M. and Wells, S.C., 1983. Autonomous 
submersible systems, Subtech '83, Society of Underwater 
Technology, London. 
(38) Life support 
Li, Y.S., 1979. A potassium superoxide (KO^) 
life support system for Deep Quest, pp. 752-757 
in Oceans '79, New York, IEEE. 
Wallman, N. and Kinsey, J.L., 1968. Life-support systems 
for undersea use, Oceanology International 3(1), 
31-33. 
Hoover, G.N., 1967. Life support requirements. Ocean 
Industry 2(12) 24-28. 
Abelas, F.J., 1967. Life support tests point way toward 
42-day drift mission. Ocean Industry 2(6) 55-61. 
Presti, J., Wallman, H. and Petrocelli, A., 1967. 
Superoxide life support system for submersibles. 
Under Sea Technology 8(6) 20-22. 
Molesworth, T.V., 1967. Underwater atmosphere supply 
and purification, British National Conference on 
the Technology of the Sea and Sea-bed held AERE, 
Harwell, 5-7 April 1967, Paper No. 5.B.45, 26 pp. 
Blair, W.C., 1969. Human facturs in deep submergence 
vehicles, Marine Technology Society Journal, 
3(5) 37-46. 
— 129 — 
(39) Emergency bale-out systems 
Forbes, Cdr. B., 1981. A place for commercial submersibles, 
Navy International, October 1981, pp. 622-626. 
Emergency system for aquanauts, 1967. New Scientist 
(541) 34, 144. 
(Life support emergency system in Deep Quest) 
Kruger, P., 1980. Submarine escape capsules, Oceanology 
International '80, Session J, pp. 13-18. 
(40) Surface support, support ships or platforms, handling systems 
Wettern, D., 1980. Challenger for the depths, Navy 
International, October 1980. 
Hampson, D.J., 1980. Handling systems for tethered 
submersibles, pp. 30-36 in Oceanology International 
'80, Technical Session J. 
Yumori, I.R., 1979. Ocean testing of motion compensating 
crane and kevlar tether cable dynamics for an 
unmanned deep submersible using real time spectral 
analysis, pp. 764-771 in Oceans '79, New York: IEEE. 
Strieker, P.A., 1978. Active/passive motion compensating 
crane for handling a remote unmanned work system, 
pp. 1599-1608, Offshore Technology Conference, 1978, 
Vol. Ill, Paper OTC 3236. 
Busby Associates Inc., Undersea Vehicles Directory. 
Nodland, W.E., Ewart, T.E., Bandiner, W.P., Miller, J.B. 
and Aagaard, E.E., 1981. Spurv II - an unmanned, 
tree-swimming submersible developed for oceanographic 
research, pp. 92-98 in Oceans '81 conference record. 
Vol. 1, New York: IEEE. 
Takagawa, S. and Hamada, Y., 1981. Japanese 2000 m deep 
submergence research vehicle "Shinkai 2000" system, 
pp. 1155-1159 in Oceans '81 conference record. 
Vol. 2, New York: IEEE. 
Spink, P.O. and Cavey, R.R., 1981. A towed vehicle system 
for object search and identification, pp. 1133-1138 in 
Oceans '81 conference record, Vol. 2, New York: IEEE. 
Frisbie, F.R., 1983. Development of a full function remote 
work system capable of 5000 meter operation. 
Ken, K.P., 1980. The deep submergence rescue vehicle (DSRV), 
Ship of opportunity towing study. Oceans '80, pp. 316-318. 
Haas, J. and Kern, E. , 1983. The autonomous work submarine, 
Subtech '83, Society of Underwater Technology, London. 
130 -
(41) Land, sea, or air transportability 
Ken, K.P., 1980. The deep submergence rescue vehicle (DSRV) 
ship of opportunity towing study. Oceans '80, pp. 316-318. 
Haas, J. and Kern, E. , 1983. The autonomous work submarine, 
Subtech '83, Society of Underwater Technology, London. 
(42) Maintenance problems 
Craven, J., 1977. Submarine Craft, pp. 262-281 in: 
The Undersea, N.C. Flemming (ed), Cassell and Co., 
London, 319 pp. 
(43) Scientific instruments for use on the vehicle 
Poole, R.E. and Ludbrook, F.T., 1981. A microprocessor 
controlled metal detector for mounting on an 
unmanned submersible to locate sub-bottom objects, 
pp. 27-35 in Electronics for ocean technology, 
London: lERE. 
Fagot, M.G., Moss, G.J., Milburn, D.A. and Gholson, N.H. , 
1981. Deep-towed seismic system design for operation 
at depths up to 6000 m, pp. 141-154 in Offshore 
Technology Conference 1981, Vol. Ill, OTC Paper 4082. 
Francis, S.H., 1976. Magnetic localization of AC-driven 
buried cable by the SCARAB submersible, pp. 24B-1 -
24B-7 in Oceans '76, New York: IEEE. 
Jet Propulsion lab develops submersible digital sonar system, 
^ 1981. Sea Technology 22(5) 25. 
Dunbar, R.M. and Holmes, R.T., 1978. Advances in remotely-
controlled submersible research, pp. 13-22 in 
Oceanology International '78, Technical Session K. 
Spink, P.G. and Cavey, R.R., 1981. A towed vehicle system 
for object search and identification, pp. 1133-1138 
in Oceans '81 conference record. Vol. 2, New York: IEEE. 
Haigh, K.R., 1970. Oceanographic instrumentation for Ben 
Franklin. Underwater Science.and Technology Journal 
2(1 ) 11-16. 
Good, D.E., 1968. Deep submersible instrumentation for the 
measurement of physicl and chemical properties at the 
sea-floor interface. Marine Science Instrumentation, 
Vol. 4, 252-259. 
Phillips, J.D., 1972. Near bottom magnetics studies using 
a deep submersible, IfHOI 72-90, pp. 21-26. 
131 
Bowin, C.O., Luyendyk, B.P. and Aldrich, T.C., 1972. 
Near bottom gravity studies from a deep submersible, 
WHOI 72-90. pp. 27-30. 
(44) Scientific data recording on the vehicle 
Murch, J.D., 1983. A review of secondary storage 
technology, pp. 232-243 in Journal of Naval 
Science, Vol. 9, No. 3, 1983. 
Loebecker, R.N., Welch, N. and Raymond, T., 1981. 
Processing and recording systems for the next 
generation tide and water level measurement 
system, pp. 1106-1111 in Oceans '81 conference 
record, Vol. 2, New York, IEEE. 
Garcia, E.P. and Pokoski, J.L., 1981. An application 
of magnetic bubble memory in ocean instrumentation, 
pp. 306-310 in Oceans '81 conference record, 
Vol. 2, New York, IEEE. 
Nodland, W.E., Ewart, T.E., Bandiner, W.P., Miller, J.B. 
and Aagaard, E.E., 1981. Spurv II - an unmanned, 
free-swimming submersible developed for oceanographic 
research, pp. 92-98 in Oceans '81 conference record. 
Vol. 1, New York, IEEE. 
(45) Hydraulic, electrical and mechanical components 
Eliot, F., 1967, The design and construction of the 
Deepstar 2000. The New Thrust Forward 3rd MTS 
conference, 1967, pp. 479-492. 
Vulih, S. and Clayton, D.L., 1980. Communications for 
a tethered underwater submersible, pp. 310-315 
in Oceans '80. 
Laxo, D. , 1980. Navy's Sea Cliff to be modified for 
operation at 6100 meters. Sea Technology 21(9) 
29-31. 
Privett, K.W., 1981. Grounded vs ungrounded electrical 
systems for use in manned submersibles, Marine 
Technology Society Journal 15(4) 22-26. 
Funao, Y, Nishimura, K., Kihara, S. and Hosoi, S. , 
1972. Hydraulic systems for deep submersibles 
pp. 987-1005 in 2nd International Ocean Development 
Conference: preprints, Vol. 1, Tokyo, Secretariat, 
International Ocean Development Conference and 
Exhibition. 
- 132 
Hosom, D.S., 1976. Oil filled electrical cables external 
to the pressure hull on DSV ALVIN, pp. 9D-1 - 9D-5 
in Oceans '76, New York: IEEE. 
Endo, M. 2000 m deep submergence research vehicle, pp. 41-49 
in Oceans '82, New York: IEEE. 
(46) Use of on-board computing and microprocessors 
Glynn, J. and Blidberg, D.R., 1981. The UNH Eave-
East Vehicle, pp. 104-108 in Oceans '81 
conference record, Vol. 1, New York, IEEE. 
Carmichael, A.D. and Jansson, D.G., 1981. Robot II, 
a small unmanned, untethered underwater vehicle, 
pp. 109-112 in Oceans '81 conference record. 
Vol. 1, New York: IEEE. 
Fyfe, A.J. and Russell, G.T., 1980. Closed loop 
controlled systems and hydrodynamics of a 
tethered submersible, pp. 261-267 in Offshore 
Technology Conference, Vol. II. 
Dunbar, R.M., Roberts, S.J. and Wells, S.C., 1981. 
Communications, bandwidth reduction and system 
studies for a tetherless unmanned submersible, 
pp. 127-131 in Oceans '81 conference record. 
Vol. 1, New York, IEEE. 
Ackerman, R.E., Butler, C.M. and Weiss, R.F., 1978. 
A low power microprocessor system for deep sea 
free vehicle applications, pp. 532-535 in 
Oceans '78 conference record. New York, IEEE. 
Johnson, H.A., 1980. Design features and test results 
of an unmanned free-swimming submersible, pp. 304-
309 in Oceans '80. 
Shirley, D.E., 1981. Microcomputer software for the 
unmanned free swimming submersible, pp 132-136 
in Oceans '81 conference record, Vol. 1, New York, 
IEEE. 
Blidberg, D.R., 1981. Computer systems for autonomous 
vehicles, pp 83-87 in Oceans '81 conference record. 
Vol. 1. New York: IEEE. 
Galloway, J.L. and Teichrob, R.C., 1979. Scribe: Data 
acquisition in a submersible, pp. 772-776 in 
Oceans '79 New York, IEEE. 
McCain, T., 1980. Microprocessors in remote subsea 
equipment., pp. 273-276 in Offshore Technology 
Conference, 1980, Vol. II. 
- 133 -
Ray, B., 1980. Microprocessor systems for "Smartie" 
pp 61-68 in Microprocessor applications in 
underwater technology. Society for Underwater 
Technology, London (UK). 
Frisbie, F.R., 1983. Development of a full function 
remote work system capable of 5000 m operation, 
in Subtech '83, Society of Underwater Technology, 
London, 13 pp. 
Brown, G., 1983. Computer processing systems for underwater 
TV pictures, in Subtech '83, Society of Underwater 
Technology, London, 7 pp. 
Russell, G.T., Lane, D.M. and Wells, B.C., 1983. Autonomous 
submersible systems, in Subtech''83, Society of 
Underwater Technology, London, 13 pp. 
Annex to r e p o r t f o r C o n t r a c t No. 2149-83-07 ED ISP GB 
'Review study on t h e r e q u i r e m e n t s 
f o r deep ocean remote h a n d l i n g e q u i p m e n t ' 
Four ma jo r v e h i c l e p r o j e c t s were recommended i n t h e r e p o r t f o r c o n s i d e r a t i o n 
by I s p r a and which would be o p t i o n s f o r a f e a s i b i l i t y s t u d y in phase I I of t h e 
programme. These were : 
1. A 6000 m manned s u b m e r s i b l e , c a p a b l e of r e m a i n i n g submerged f o r a t 
l e a s t 4 days , w i th p r o v i s i o n f o r s h i f t s of crew and s c i e n t i f i c o b s e r v e r s , 
s o p h i s t i c a t e d n a v i g a t i o n and d a t a l o g g i n g , and p r o v i s i o n f o r e x t e n s i v e 
e x p e r i m e n t a l equ ipmen t , i n c l u d i n g t h e use of m a n i p u l a t o r s and work t o o l s . 
2 . A h y b r i d ' p i g g y back ' s u b m e r s i b l e sys tem c o n s i s t i n g of a l a r g e mother 
submar ine c a p a b l e of d i v i n g t o 1000-2000 m and c a r r y i n g a s m a l l e r deep 
ocean v e h i c l e c a p a b l e of descend ing t o 6000 m w i t h a u s e f u l work p a y l o a d . 
3. An u n t e t h e r e d r emo te ly o p e r a t e d v e h i c l e (UROV) w i t h a depth c a p a b i l i t y 
o f 6000 m and u s e f u l p a y l o a d , i n c l u d i n g i n t e g r a t e d n a v i g a t i o n wi th 
' i n t e l l i g e n t ' c o n t r o l s y s t e m s , 24 hour endu rance and a high r a t e of 
d a t a g a t h e r i n g w i th l a r g e volume s t o r a g e . 
4 . A 6000 m remote ly o p e r a t e d v e h i c l e (ROV), lowered i n a ' g a r a g e ' , and 
c a p a b l e of conduc t i ng s o r t i e s from t h e ga rage u s i n g an u m b i l i c a l 
c o n n e c t i o n . Required t o c a r r y s o p h i s t i c a t e d work t o o l s and v ideo 
equ ipmen t . 
Th is annex e l a b o r a t e s on t h e s e o p t i o n s and t h e i r u s e and a l s o emphas i ses 
c e r t a i n o r g a n i s a t i o n a l f e a t u r e s which we b e l i e v e would be i m p o r t a n t f o r t h e 
s u c c e s s f u l development of any such o p t i o n . 
1 . THE PROJECTS. TECHNICAL CONSIDERATIONS AND USE 
Opt ions 1 and 2 . Manned s u b m e r s i b l e s . 
In o p t i o n 1 we a r e concerned wi th a 50-100 tonne s u b m e r s i b l e which can 
p r o v i d e t h e endurance and c o m f o r t n e c e s s a r y t o p e r m i t u n d e r w a t e r s o r t i e s l a s t i n g 
4 days o r more. In a s e n s e this i s t h e nex t s t a g e i n u n d e r w a t e r o p e r a t i o n s by 
s u b m e r s i b l e , where t h e ' b o u n c e - d i v e ' concep t of A l v i n , Cyana and SM97 i s changed 
by t h e e x t e n d e d pe r fo rmance and pay load which new power s o u r c e s and h u l l 
m a t e r i a l s would p r o v i d e . The c o s t of p r e s e n t s u b m e r s i b l e o p e r a t i o n s i s h i g h . 
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t y p i c a l l y £10,000 - £15,000 per day , and i s due in equa l measure t o t h e c o s t o f 
o p e r a t i n g t h e s u b m e r s i b l e and t h a t of i t s d e d i c a t e d h a n d l i n g v e s s e l . However, 
t h e t r u e c o s t of each hour a c t u a l l y s p e n t c a r r y i n g o u t u n d e r w a t e r work i s 
dependen t on t h e v a g a r i e s of t h e wea the r f o r launch and r e c o v e r y and t h e number 
of hours a t t h e work s i t e in an o p e r a t i o n a l c y c l e . Al though t h e development 
and c a p i t a l c o s t of a s u b m e r s i b l e w i t h ex tended e n d u r a n c e w i l l be very much 
h i g h e r t h a n t h e p r e s e n t g e n e r a t i o n of deep d i v i n g v e h i c l e s , i t w i l l a l low f o r 
g r e a t e r u t i l i s a t i o n in a wider r ange of wea the r c o n d i t i o n s and l a t i t u d e s . By 
a v o i d i n g t h e need f o r launch and r e c o v e r y , and by e x t e n d i n g e n d u r a n c e , t he 
number o f u s e f u l hours of work on s i t e in a g iven r e p l e n i s h m e n t c y c l e w i l l be 
i n c r e a s e d . F u r t h e r m o r e , by doing away wi th a s p e c i a l i s e d h a n d l i n g v e s s e l , a 
c o s t s a v i n g w i l l be made. I t i s env i saged t h a t such a s u b m e r s i b l e would o p e r a t e 
i n c o n j u n c t i o n w i th a r e s e a r c h v e s s e l o r deep sea t r a w l e r , u n l e s s t h e work s i t e 
l a y w i t h i n , s a y , 200 mi l e s of a b a s e . I f r e q u i r e d , t h e s h i p cou ld tow t h e 
submerged v e h i c l e to t h e o p e r a t i n g a r e a and would be t h e s o u r c e of s t o r e s and 
f u e l as wel l as p r o v i d i n g work f a c i l i t i e s and f o r t h e exchange of crew. I t 
cou ld a l s o u n d e r t a k e f u r t h e r o f f s h o r e t a s k s w h i l e t h e s u b m e r s i b l e was o p e r a t i n g . 
During passage-making and when s u r v e y i n g i t w i l l be i m p o r t a n t f o r t h e 
s u b m e r s i b l e t o make e f f i c i e n t use of t h e a v a i l a b l e s t o r e d e n e r g y between 
r e p l e n i s h m e n t . This r e q u i r e s a c l e a n hu l l form wi th low d r a g , and f o r optimum 
pe r fo rmance a t g r e a t dep ths h u l l p e n e t r a t i o n s shou ld a l s o be k e p t to a minimum. 
Both t h e s e f a c t o r s a r e b e s t s e r v e d by p r o v i d i n g a p o r t a b l e t o o l and m a n i p u l a t o r 
f a c i l i t y which i s on ly mounted when r e q u i r e d . This i s a l s o an advan tage from 
t h e m a i n t e n a n c e p o i n t of view s i n c e t h e a b i l i t y t o carry o u t in s i t u ma in tenance 
of e x t e r n a l l y mounted a n c i l l a r y equipment w i l l be very l i m i t e d a t s e a . I t i s 
l i k e l y t h a t t h e optimum s o l u t i o n i s t o p rov ide a small ROV which can be 
t r a n s f e r r e d from t h e s h i p w h i l e t h e s u b m e r s i b l e i s l y i n g submerged a few me t r e s 
benea th t h e s u r f a c e , a v o i d i n g s u r f a c e i n s t a b i l i t y problems and wave a c t i o n . 
This ROV c o n c e p t would have o t h e r a d v a n t a g e s , both i n p r o v i d i n g a very f l e x i b l e 
work sys tem a t depth and a s a f e t y f a c i l i t y f o r t h e s u b m e r s i b l e . These a s p e c t s 
a r e d i s c u s s e d f u r t h e r in t h e s e c t i o n below on o p t i o n 4 . 
Opt ion 2 i s a r a t h e r d i f f e r e n t approach i n v o l v i n g t h e c o n s t r u c t i o n of a 
l a r g e autonomous mother submar ine and a s m a l l e r d e e p - d i v i n g s u b m e r s i b l e which 
i s t r a n s p o r t e d to t h e s i t e on t h e back of t h e l a r g e r v e s s e l . Docking and 
undocking would be c a r r i e d o u t a t a depth of a few t e n s o f m e t r e s , away from 
t h e e f f e c t s of wave a c t i o n . For o p e r a t i o n in a l l o c e a n i c w e a t h e r c o n d i t i o n s , 
p o s s i b l y 2000 m i l e s from b a s e , i t i s c l e a r t h a t t h e mo the r submar ine w i l l have 
t o be of a c o n s i d e r a b l e d i s p l a c e m e n t , and a f i g u r e of 1000-2000 t o n n e s has been 
ment ioned by a naval c o n s u l t a n t . Even wi th such a s i z a b l e p a r e n t submar ine . 
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t h e s u b m e r s i b l e i s u n l i k e l y t o exceed 20-30 tonnes in d i s p l a c e m e n t due to t h e 
need t o l i m i t s t r u c t u r a l f o r c e s from wave a c t i o n on p a s s a g e . For such o p e r a t i o n s 
i t seems u n l i k e l y , t h e r e f o r e , t h a t t h e s u b m e r s i b l e component w i l l be l a r g e 
enough t o p r o v i d e t h e pe r fo rmance and c o m f o r t n e c e s s a r y f o r ex tended use and 
i t s d i v i n g d u r a t i o n would be u n l i k e l y t o exceed 24 h o u r s . I f , however, 
o p e r a t i o n s were l i m i t e d t o o f f s h o r e t a s k s c l o s e r to l a n d , t hen i t i s p o s s i b l e 
t h a t t h e d i s p l a c e m e n t of t h e p a r e n t submar ine could be r e d u c e d . However, t h i s 
p l a c e s a s e v e r e l i m i t a t i o n on t h e u s e f u l n e s s of t h e c o n c e p t f o r a number of 
deep sea t a s k s . In o p t i o n 2 t h e submar ine i s p r i m a r i l y a c t i n g as a s p e c i a l i s e d 
mother s h i p , wi th t h e main advan tage t h a t docking and undock ing w i l l take p l a c e 
away from t h e s u r f a c e . The c a p i t a l c o s t of such a v e s s e l w i l l be v e r y ' h i g h w i t h 
h igh runn ing and ma in tenance c o s t s and t h e need f o r a c rew t r a i n e d t o m i l i t a r y 
s t a n d a r d s . 
Both manned s u b m e r s i b l e o p t i o n s ( o p t i o n s 1 and 2) w i l l r e q u i r e t h e same 
c r i t i c a l s u b - s y s t e m i n v e s t i g a t i o n s and developments d u r i n g t h e d e s i g n s tudy 
s t a g e . The main d i f f e r e n c e w i l l be i n d e t a i l emphasis and i n t h e s i z e of 
h u l l and ene rgy s o u r c e s needed . These sub - sys t em deve lopment s i n c l u d e : 
Energy s o u r c e s and s t o r a g e 
M a t e r i a l s t u d y and p r e s s u r e v e s s e l d e s i g n 
Nav iga t i on 
Buoyancy c o n t r o l 
M a n i p u l a t i o n and t o o l i n g f a c i l i t i e s . 
These t o p i c s a r e covered in some d e t a i l in s e c t i o n 7 o f t h e r e p o r t . Apar t f rom 
t h i s p a r t i c u l a r r e q u i r e m e n t f o r t h e s e sub - sys t em d e v e l o p m e n t s , t h e work would 
r e s u l t i n v a l u a b l e t e c h n o l o g i c a l g a i n s f o r t h e European o f f s h o r e i n d u s t r y . 
An a n a l y s i s has been c a r r i e d o u t to d e t e r m i n e t h e d e g r e e o f use of t h e 
f o u r o p t i o n s amongst t h e p o t e n t i a l u s e r s l i s t e d in s e c t i o n 5 of t h e r e p o r t . 
To a f i r s t a p p r o x i m a t i o n , both manned s u b m e r s i b l e o p t i o n s s e r v e t h e same 
p o t e n t i a l u s e r s and t h e s e cover 15 o u t of t h e 19 s u b j e c t s l i s t e d . Main u s e r s 
a r e seen t o be : 
O f f s h o r e o i l and gas i n d u s t r y 
In e x p l o r a t i o n and p r o d u c t i o n 
Repa i r and ma in tenance of s t r u c t u r e s , p i p e l i n e s , e t c . 
N o n - d e s t r u c t i v e t e s t i n g 
M i l i t a r y 
Sa lvage of c r a s h e d a i r c r a f t , i n s t r u m e n t s and weapons 
Submarine r e s c u e 
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Research and m o n i t o r i n g a c t i v i t i e s conce rned wi th t h e 
deep sea d i s p o s a l of r a d i o a c t i v e was te 
B i o l o g i c a l r e s e a r c h 
Geophysical and g e o l o g i c a l i n v e s t i g a t i o n s and r e s e a r c h 
Geochemical i n v e s t i g a t i o n s and r e s e a r c h . 
The l a s t two s u b j e c t s would cover commercial mining i n t e r e s t s as wel l as more 
b a s i c r e s e a r c h . A u s e r s panel would need t o i n v o l v e r e p r e s e n t a t i v e s from t h e 
o f f s h o r e hydrocarbon i n d u s t r y , m i l i t a r y i n t e r e s t s , r a d i o a c t i v e was t e d i s p o s a l 
i n t e r e s t s , o f f s h o r e mining and t h e mar ine r e s e a r c h f i e l d . 
Opt ion 3. U n t e t h e r e d r emo te ly o p e r a t e d v e h i c l e (UROV) 
This o p t i o n i s concerned wi th t h e d e s i g n s t u d y and c o n s t r u c t i o n of a f r e e -
swimming unmanned v e h i c l e a b l e t o c a r r y o u t bo th pre-programmed and ' i n t e l l i g e n t ' 
s u r v e y s a t dep ths down t o 6000 m wi th an endurance of 24 h o u r s . Design f e a t u r e s 
of i m p o r t a n c e would i n c l u d e t h e a b i l i t y t o a c c u r a t e l y n a v i g a t e a l o n g survey l i n e s 
say 100 m a p a r t w i t h i n a f rame of a few k i l o m e t r e s , and a l s o t o c a r r y ou t l o n g e r 
range r e c o n n a i s s a n c e work under t h e gu idance of an i n t e l l i g e n t c o n t r o l sys tem. 
I t i s e n v i s a g e d t h a t t h e s e n s o r s u i t e would be v a r i e d a c c o r d i n g t o t h e t a s k 
u n d e r t a k e n , b u t would i n c l u d e a wide range of n a v i g a t i o n a l , a c o u s t i c , o p t i c a l 
and g e o p h y s i c a l i n s t r u m e n t s . I t i s u n l i k e l y t h a t s u f f i c i e n t e n e r g y could be 
p r o v i d e d a t t h e r e q u i r e d su rvey s p e e d s of 4-6 kno t s by b a t t e r i e s a l o n e so 
t h e r e would need t o be a p r imary energy s o u r c e and r e c h a r g i n g sys tem f i t t e d . 
O p e r a t i o n s would no t need t o t a k e p l a c e from a s p e c i a l i s e d v e s s e l , a l t hough 
a d e q u a t e a r t i c u l a t e d c r a n e a g e would be r e q u i r e d to h a n d l e a v e h i c l e we igh ing , 
s a y , 5 tonnes in a i r . Although o p e r a t i o n a l n a v i g a t i o n would be p rov ided by 
t h e v e h i c l e ' s own i n s t r u m e n t a t i o n , supplemented by a l o n g base l i n e sys tem 
when r e q u i r e d , i t might be n e c e s s a r y t o p rov ide a s h o r t ba se l i n e t r a c k i n g 
sys tem on t h e s u r f a c e v e s s e l , main ly f o r r e c o v e r y . 
A number of t h e ma jo r sub - sys t ems which would have t o be deve loped would 
be s i m i l a r t o t h o s e f o r o p t i o n s 1 and 2 , and would a g a i n have a more genera l 
a p p l i c a t i o n in European unde rwa te r t e c h n o l o g y in t h e c o m m e r c i a l , m i l i t a r y and 
mar ine r e s e a r c h f i e l d s . These would i n c l u d e : 
Energy s t o r a g e and r e c h a r g i n g sys tems 
P r e s s u r e v e s s e l m a t e r i a l s and d e s i g n 
Hybrid n a v i g a t i o n , i n t e g r a t i n g a number of modes 
Buoyancy m a t e r i a l s and c o n t r o l 
I n t e l l i g e n t c o n t r o l sys tem 
A c o u s t i c t e l e m e t r y 
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High c a p a c i t y d a t a s t o r a g e 
S e n s o r s u i t e s ( n a v i g a t i o n a l , a c o u s t i c and o p t i c a l ) 
T e c h n i c a l a s p e c t s r e l a t i n g t o t h e s e a r e d i s c u s s e d in s e c t i o n 7 of t h e r e p o r t . 
The a n a l y s i s of u s e r ' s needs s u g g e s t s t h a t t h e r a n g e of p o s s i b l e u s e r s 
f o r such a v e h i c l e may n o t be as g r e a t as in t h e manned s u b m e r s i b l e o p t i o n s . 
Th i s i s l a r g e l y b e c a u s e t h e v e h i c l e i s seen a s a remote s u r v e y i n s t r u m e n t w i t h 
no s i g n i f i c a n t a b i l i t y t o c a r r y o u t t h e t ype of o n - s i t e work t a s k s which a 
manned s u b m e r s i b l e (o r c a b l e - c o n n e c t e d v e h i c l e ~ ROV) c o u l d u n d e r t a k e w i t h 
r e a l - t i m e v i s i o n c o u p l e d t o a m a n i p u l a t o r and t o o l f a c i l i t y . However, t h e r e 
i s no d o u b t t h a t t h e deve lopment o f such a v e h i c l e would be v a l u a b l e t o a 
number o f u s e r s , and i n many ways would complement t h a t u n d e r t a k e n by t h e 
o f f s h o r e i n d u s t r y , p a r t i c u l a r l y i n t h e i r emphas i s on ROV d e v e l o p m e n t . Once 
d e v e l o p e d and p r o v e n , i t would p r o v i d e a ve ry e f f i c i e n t and c o s t - e f f e c t i v e way 
of c a r r y i n g o u t p r e c i s e s u r v e y s and r e c o n n a i s s a n c e work . The main u s e r s a r e 
l i k e l y t o b e : 
O f f s h o r e o i l and gas i n d u s t r y 
Deep s i t e s u r v e y s 
Deep p i p e l i n e r o u t e i n g s u r v e y s 
S a l v a g e and ' l i t t e r ' s u r v e y s 
M i l i t a r y 
L o c a t i o n o f c r a s h e d a i r c r a f t , i n s t r u m e n t s and weapons 
Re se a r c h and m o n i t o r i n g a c t i v i t i e s c o n c e r n e d w i t h t h e deep 
^ s ea d i s p o s a l o f r a d i o a c t i v e was t e 
Geophys i ca l and g e o l o g i c a l s u r v e y s . 
The l a s t named would i n c l u d e bo th commercial and r e s e a r c h i n t e r e s t i n nodu le 
f i e l d s and m e t a l l i f e r o u s d e p o s i t s as we l l as more b a s i c s e d i m e n t a r y and t e c t o n i c 
s t u d i e s . Unmanned f r e e - s w i m m i n g v e h i c l e s have a p a r t i c u l a r a p p l i c a t i o n i n such 
r e s e a r c h s i n c e t h e y o f f e r t h e p r o s p e c t of c o n d u c t i n g surveys of a g i v e n a r e a o f 
ocean f l o o r a t r e l a t i v e l y h igh speed and w i t h much more p r e c i s e t r a c k c o n t r o l 
than t h a t p r o v i d e d by a deep- towed s y s t e m . Such a t e c h n i q u e would e n a b l e maps 
t o be p roduced of t h e morphology of t h e s ea b e d , of s e d i m e n t a r y f a c i e s and 
s t r u c t u r e comparab l e t o t h a t on l a n d . Areas o f r e s o u r c e p o t e n t i a l , such as 
c o n c e n t r a t i o n s o f manganese n o d u l e s o r p o l y m e t a l l i c s u l p h i d e o r e b o d i e s , cou ld 
be mapped in c o n s i d e r a b l e d e t a i l . 
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Opt ion 4 . Remotely o p e r a t e d v e h i c l e (ROV) 
T h i s o p t i o n i s c o n c e r n e d w i t h t h e deve lopment o f an unmanned c a b l e -
c o n t r o l l e d v e h i c l e , o r ROV, c a p a b l e of o p e r a t i n g down t o 6000 m i n t h e o c e a n . 
O p e r a t i o n s would t a k e p l a c e f rom a ' g a r a g e ' su spended by c a b l e f rom a s h i p 
a b l e t o p r o v i d e t h e n e c e s s a r y w i n c h i n g f a c i l i t i e s and h a n d l i n g g e a r . The 
v e h i c l e would be c o n n e c t e d t o t h e g a r a g e by a n e u t r a l l y b u o y a n t u m b i l i c a l 
c a b l e a l l o w i n g a r a d i u s o f a c t i o n of a few hundred m e t r e s . I m p o r t a n t d e s i g n 
f e a t u r e s would i n c l u d e d e x t r o u s m a n i p u l a t i o n and t o o l i n g f a c i l i t i e s coup led 
t o a wide bandwid th v i d e o s y s t e m f o r p r e c i s e c o n t r o l . The s h i p would be 
f i t t e d w i t h a s h o r t b a s e - l i n e p o s i t i o n s y s t e m c a p a b l e o f g i v i n g t h e ROV 
p o s i t i o n t o 0.1% of t h e d e p t h . The a b i l i t y t o r e o c c u p y a s i t e would be 
enhanced by t h e use o f t h e g l o b a l p o s i t i o n i n g s a t e l l i t e n a v i g a t i o n n e t w o r k . 
C e r t a i n m a j o r s u b - s y s t e m deve lopment s would need t o be u n d e r t a k e n 
i n c l u d i n g : 
Cable and u m b i l i c a l d e s i g n , i n c l u d i n g t h e u s e o f f i b r e 
o p t i c c o r e s i n long s t r a i n - b e a r i n g c a b l e s 
High r e s o l u t i o n v i d e o sys t em and s i g n a l t r a n s m i s s i o n 
o v e r long pa th l e n g t h s 
M a n i p u l a t i o n and t o o l i n g f a c i l i t i e s 
Improved s h o r t b a s e - l i n e p o s i t i o n i n g s y s t e m 
A g a i n , many t e c h n i c a l a s p e c t s o f t h e s e s u b j e c t s a r e c o v e r e d i n s e c t i o n 7 of 
t h e r e p o r t . I t c o u l d be s a i d t h a t t h e deve lopment of t h e m a j o r s u b - s y s t e m s 
r e q u i r e d f o r deep ROV o p e r a t i o n (below 2000 m) a r e l i k e l y t o be u n d e r t a k e n 
by t h e o f f s h o r e i n d u s t r y when t h e economic s i t u a t i o n s demands . However, t h e r e 
a r e c e r t a i n deve lopmen t s which w i l l r e q u i r e t h e use o f m a j o r e x p e r i m e n t a l t e s t 
f a c i l i t i e s e t c . which would b e n e f i t f rom a c e n t r a l European programme and 
f u n d i n g . Th i s i s p a r t i c u l a r l y t r u e of t h e p rob lem of p r o v i d i n g h igh r e s o l u t i o n 
v i d e o images f o r t h e c o n t r o l of ROVs a t g r e a t d e p t h . To p r o v i d e t h e n e c e s s a r y 
low c a b l e a t t e n u a t i o n and h i g h bandwidth (up t o 10^ b i t s / s e c ) i t w i l l be 
n e c e s s a r y t o i n c l u d e f i b r e - o p t i c c o r e s i n t h e s t r a i n c a b l e which w i l l be 
8 0 0 0 - 1 0 , 0 0 0 m l o n g . The prob lems which t h i s r a i s e s , b o t h i n t e r m s o f q u a l i t y 
c o n t r o l o f t h e f i b r e s i n m a n u f a c t u r e and t h e i r s u c c e s s f u l i n t e g r a t i o n i n a 
s t r a i n c a b l e , a r e v e r y c o n s i d e r a b l e , and i t w i l l be n e c e s s a r y t o i n c l u d e long 
t e r m f a t i g u e t r i a l s of p r o t o t y p e l e n g t h s . 
An a n a l y s i s o f u s e r s ' needs i n d i c a t e s t h a t t h e d e v e l o p m e n t o f such a 
v e h i c l e , and i t s a t t e n d a n t t e c h n o l o g y , would be o f v a l u e t o a wide r a n g e of 
u s e r s and t a s k s . Major u s e r s would i n c l u d e : 
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O f f s h o r e o i l and gas i n d u s t r y 
E x p l o r a t i o n and p r o d u c t i o n 
P i p e l a y i n g s u r v e y i n g and i n s p e c t i o n 
R e p a i r and m a i n t e n a n c e of s t r u c t u r e s , p i p e l i n e s e t c . 
N o n - d e s t r u c t i v e t e s t i n g 
M i l i t a r y 
L o c a t i o n and s a l v a g e of c r a s h e d a i r c r a f t , i n s t r u m e n t s and weapons 
A s s i s t a n c e i n submar ine r e s c u e 
M o n i t o r i n g and s e r v i c i n g a c t i v i t i e s c o n c e r n e d w i t h t h e deep sea 
d i s p o s a l of r a d i o a c t i v e w a s t e 
B i o l o g i c a l r e s e a r c h ( s e r v i c i n g b e n t h i c s t a t i o n s ) 
Geophys ica l and g e o l o g i c a l i n v e s t i g a t i o n s and r e s e a r c h 
Geochemical i n v e s t i g a t i o n s and r e s e a r c h 
The l a s t two s u b j e c t s would i n c l u d e commercia l min ing i n t e r e s t s a s we l l as more 
b a s i c r e s e a r c h , A u s e r s panel would need t o i n c l u d e r e p r e s e n t a t i v e s f rom t h i s 
wide r a n g e of a c t i v i t i e s . 
An a d d i t i o n a l a c t i v i t y i s r e l a t e d t o work i n s u p p o r t of o p t i o n 1 , a manned 
s u b m e r s i b l e o p e r a t i n g in t h e ne ighbourhood o f a s u r f a c e s h i p which a c t s a s i t s 
b a s e . As e x p l a i n e d e a r l i e r , t h e r e would be c e r t a i n a d v a n t a g e s i f such a s u b m e r s i b l e 
c o u l d work in c o n j u n c t i o n w i t h , o r c a r r y , a smal l ROV c a p a b l e o f o p e r a t i n g a t 
6000 m. I t i s c o n c e i v a b l e t h a t t h e ROV c o n s i d e r e d in o p t i o n 4 c o u l d have t h i s 
dual r o l e . I t cou ld be bo th a ' s t a n d - a l o n e ' f a c i l i t y a n d , when r e q u i r e d , i t 
c o u l d work i n c o n j u n c t i o n w i t h such a s u b m e r s i b l e . In t h e l a t t e r c a s e , e i t h e r 
i n i t s normal mode w i t h c a b l e and g a r a g e , when i t cou ld p r o v i d e a s u r f a c e -
c o n t r o l l e d f a c i l i t y t o complement t h e work o f t h e s u b m e r s i b l e , o r a s an 
a u x i l i a r y m a n i p u l a t i o n and t o o l f a c i l i t y mounted on t h e s u b m e r s i b l e . When i t 
was r e q u i r e d on t h e s u b m e r s i b l e t h e l a t t e r cou ld l i e submerged a few m e t r e s 
below t h e s u r f a c e and r e l e a s e a buoyed u m b i l i c a l c a b l e which would be l i f t e d 
aboa rd t h e s h i p and a t t a c h e d t o t h e ROV v e h i c l e . The v e h i c l e would be l i f t e d 
i n t o t h e w a t e r , r e l e a s e d , and t hen be manoeuvred by t h e s u b m e r s i b l e o n t o a 
c r a d l e b e h i n d t h e f i n . S i n c e most ROV o f f s h o r e a c t i v i t i e s r e q u i r e a back -up 
v e h i c l e i n c a s e o f b reakdown, i t i s l i k e l y t h a t a second v e h i c l e would be 
a v a i l a b l e f o r u s e . T h i s c o n c e p t of a d e e p - d i v i n g s u b m e r s i b l e w o r k i n g w i t h i t s 
own ROV i s l i k e l y t o p rove a power fu l o n e ; t h e s u b m e r s i b l e c r e w , i n c l u d i n g 
s p e c i a l i s t s , would be a t t h e work s i t e w i t h d i r e c t v i s i o n which can be 
s u p p l e m e n t e d by h igh r e s o l u t i o n v i d e o on t h e ROV a i d e d by s h o r t c a b l e s i g n a l 
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t r a n s m i s s i o n . The ROV would n o t be l i m i t e d by t h e i n e r t i a l f o r c e s which r e s t r i c t 
t h e m a n o e u v r a b i l i t y o f t h e more m a s s i v e s u b m e r s i b l e so t h a t i t would p rov ide 
t h e l a t t e r w i t h a d e x t r o u s t o o l i n g f a c i l i t y f o r a r a n g e o f s i t e t a s k s . The 
ROV a l s o p r o v i d e s t h e s u b m e r s i b l e w i t h a ' f r o n t - l i n e ' s a f e t y f e a t u r e which 
t h e crew can use in c a s e of emergency t o a i d r e c o v e r y . 
The most v a l u a b l e r e s c u e a i d f o r such e x t r e m e d e p t h s f a r f rom land w i l l 
be a s econd ROV h e l d on t h e s u r f a c e s h i p which can be u s e d t o p r o v i d e emergency 
power o r a t t a c h a l i f t i n g warp . 
2 . GENERAL COMMENTS ON THE ORGANISATION 
I t i s u n d e r s t o o d t h a t one o r more of t h e p r e c e d i n g o p t i o n s may be t h e 
s u b j e c t o f a f e a s i b i l i t y s t u d y in Phase 2 of t h i s c o n t r a c t . A f t e r t h i s second 
phase ha s been c o m p l e t e d , and i f a d e c i s i o n i s t a k e n t o go f o r w a r d t o a d e s i g n 
s t u d y , t h e n i t w i l l be n e c e s s a r y t o s e t up an o r g a n i s a t i o n a l s t r u c t u r e which 
w i l l i n c l u d e f i n a n c i a l , m a n a g e r i a l and t e c h n i c a l c o m p o n e n t s . At t h i s p r e s e n t 
s t a g e we do n o t wish t o s u g g e s t t h e d e t a i l e d form t h i s s t r u c t u r e migh t t a k e 
b u t would l i k e t o make one o r two g e n e r a l comments. 
The s u c c e s s f u l d i r e c t i o n and management o f a s o p h i s t i c a t e d t e c h n i c a l 
p r o j e c t i n v o l v i n g a number of c o u n t r i e s and many c e n t r e s o f d e s i g n and 
m a n u f a c t u r e i s a t a s k o f c o n s i d e r a b l e m a g n i t u d e . There w i l l be p r e s s u r e s 
b r o u g h t t o b e a r on management f rom a number of sources, p a r t i c u l a r l y o f a 
p o l i t i c a l , i n d u s t r i a l and f i n a n c i a l n a t u r e , a p a r t f rom t h o s e of a d i r e c t t e c h n i c a l 
o r i g i n b a s e d on t h e need t o r e c o n c i l e t h e r e q u i r e m e n t s o f u s e r s w i t h t h e many 
e n g i n e e r i n g l i m i t a t i o n s posed by such a new t e c h n o l o g y . In o r d e r t o e n s u r e t h a t 
t e c h n i c a l p r o g r e s s i s made i n a way which c o r r e c t l y r e f l e c t s u s e r s ' n e e d s , and 
a l l o w s e n g i n e e r s a r e a s o n a b l e f l e x i b i l i t y in m e e t i n g t h e s e needs w i t h o u t undue 
e x t e r n a l i n t e r f e r e n c e , c e r t a i n l i n e s of communica t ion and l e v e l s o f r e s p o n s i b i l i t y 
need t o be c l e a r l y d e f i n e d . In t h i s con tex t We b e l i e v e t h a t a T e c h n i c a l D i r e c t o r 
i s r e q u i r e d who would be s o l e l y r e s p o n s i b l e t o t h e n a t i o n a l r e p r e s e n t a t i v e s f o r 
t h e s u c c e s s f u l e n g i n e e r i n g deve lopmen t and c o m p l e t i o n o f such a p r o j e c t w i t h i n 
t h e a g r e e d c o s t and d e l i v e r y c o n s t r a i n t s . D a i l y a d m i n i s t r a t i o n would be c a r r i e d 
o u t by a management team who would be s e r v e d by a d v i s o r y p a n e l s o f u s e r s and 
t e c h n i c a l c o n s u l t a n t s . In a d d i t i o n c o n t r a c t o r s would be a p p o i n t e d t o c a r r y o u t 
t h e n e c e s s a r y p r o j e c t and s u b - s y s t e m d e s i g n s t u d i e s and d e v e l o p m e n t . The 
D i r e c t o r would need t o have ve ry c o n s i d e r a b l e e x p e r i e n c e i n t h e f i e l d of 
u n d e r w a t e r t e c h n o l o g y and in d i r e c t i n g i n n o v a t i v e e n g i n e e r i n g p r o j e c t s of a 
s o p h i s t i c a t e d na tu re . He would need t o u n d e r s t a n d u s e r s r e q u i r e m e n t s i n d e t a i l , 
t o i d e n t i f y a r e a s o f c o n f l i c t and t o seek o u t t h e most cost - e f f e c t i v e s o l u t i o n s 
142 -
in c o n s u l t a t i o n wi th h i s t e c h n i c a l a d v i s o r s . In a d d i t i o n , as t h e des ign 
s t u d i e s p r o g r e s s , c e r t a i n t e c h n i c a l l i m i t a t i o n s w i l l become a p p a r e n t and 
i t w i l l be t h e D i r e c t o r ' s r e s p o n s i b i l i t y t o e x p e d i t e any changes i n t h e 
d i r e c t i o n of t h e e n g i n e e r i n g development to c i r cumven t t h e s e l i m i t a t i o n s 
in t h e optimum way. S u c c e s s f u l comple t ion of t h e p r o j e c t w i l l owe a s much 
t o t h i s a b i l i t y t o m a i n t a i n t h e b e s t t e c h n i c a l ba l ance and d i r e c t i o n as i t 
w i l l t o t h e i n n o v a t i v e a b i l i t y of t h e e n g i n e e r i n g teams i n v o l v e d . 
We b e l i e v e i t i s i m p o r t a n t t h a t u s e r s a r e i n v o l v e d from an e a r l y s t a g e . 
In a ve ry r e a l s e n s e t h e p r o j e c t shou ld be ' u s e r - l e d ' . This involvement 
e n s u r e s t h a t t e c h n i c a l teams s t a r t , c o n t i n u e and comple te t h e i r work w i t h i n 
t h e c o n s t r a i n t s of w e l l - d e f i n e d needs . I t should a l s o f a c i l i t a t e c l o s e 
i n t e r a c t i o n between u s e r s and e n g i n e e r s when changes i n d i r e c t i o n may be 
r e q u i r e d a t s h o r t n o t i c e . Morale on both s i d e s b e n e f i t s f rom such a l i a i s o n , 
and n o t l e a s t , p u b l i c a c c o u n t a b i l i t y r e q u i r e s t h a t money i s d i r e c t e d in t h i s 
way t o h e l p s o l v e c l e a r l y s t a t e d n e e d s . 
There a r e s e v e r a l p r e c e d e n t s f o r i n t e r n a t i o n a l s c i e n c e and e n g i n e e r i n g 
p r o j e c t s , where commit tees and a d v i s o r y groups r e p r e s e n t i n g u s e r s work with 
an e x e c u t i v e agency , a f u n d i n g agency , and c o n t r a c t o r s , t o deve lop and manage 
a sy s t em. Examples i n c l u d e t h e Deep Sea D r i l l i n g P r o j e c t (DSDP), Geochemical 
Ocean S e c t i o n s Programme (GEOSECS), European s a t e l l i t e s such as t h e oceano-
g r a p h i c s a t e l l i t e ERS-1, o r t h e c o l l a b o r a t i v e r e s e a r c h on r a d i o a c t i v e waste 
d i s p o s a l in t h e sea bed. We e n v i s a g e t h a t comparison w i t h t h e s t r u c t u r e of 
some of t h e s e p r o j e c t s would he lp to s u g g e s t ways of a d m i n i s t e r i n g t h e 
proposed remote hand l i ng o p t i o n s , both in t h e development and o p e r a t i o n a l 
phases . , ^ 
N.C. Flemming and J . S . M . Rusby 
J u n e , 1984 

